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SUMMARY 
The pu rpose o f t h i s r e s e a r c h was t h r e e f o l d . F i r s t , s e v e r a l 
s econda ry p l a n t m e t a b o l i t e s were i d e n t i f i e d i n the hexane e x t r a c t o f 
Pe l tophorum inerme ( R o x b . ) Naves . S i n c e Pe l tophorum inerme showed 
c o n f i r m e d p r e l i m i n a r y a n t i - t u m o r a c t i v i t y , e x t r a c t s were sen t t o the 
N a t i o n a l I n s t i t u t e o f Hea l th f o r f u r t h e r t e s t i n g . S e c o n d , s e v e r a l 
s e c o n d a r y p l a n t m e t a b o l i t e s i n the s team v o l a t i l e o i l o f t h e h y b r i d 
5 6 * 6 2 7 - 1 , p r e p a r e d from two forms o f B o t h r i o c h l o a i n t e r m e d i a (R . B r . ) 
A. Camus were i d e n t i f i e d . T h i r d , a gas c h r o m a t o g r a p h i c s tudy was made 
o f the s team v o l a t i l e o i l s from some a c c e s s i o n s , h y b r i d s , and s t r a i n s 
o f B o t h r i o c h l o a i n t e r m e d i a f o r t he p u r p o s e o f de t e rmin ing p a l a t a b i l i t y 
t o c a t t l e , i n s e c t a n t i f e e d a n t p r o p e r t i e s , and a i d i n g t a x o n o m i c i d e n -
t i f i c a t i o n . 
A t o t a l o f e i g h t l o n g s t r a i g h t - c h a i n a lkanes were i d e n t i f i e d i n 
the hexane e x t r a c t o f Pe l tophorum ine rme . Four o f the compounds, n -
h e p t a c o s a n e (n -C 0 - ,H_ , ) , n - n o n a c o s a n e ( n - C „ „ H ^ _ ) , n - h e n t r i a c o n t a n e 
z/ DO 2y oU 
( n - C ^ - j H ^ ) , and n - t r i t : r i a c o n t a n e ( n - C ^ H ^ g ) were i s o l a t e d by p r e p a r a ­
t i v e gas chromatography and i d e n t i f i e d by mass s p e c t r a l a n a l y s i s . 
The o t h e r f o u r compounds, n - o c t a c o s a n e (n-C H ) n -^ t r iacontane 
2o J O 
C n - C ^ H ^ ) , n - d o t r i a c o n t a n e ( n - C ^ H ^ ) » and n - t e t r a t r i a c o n t a n e 
C n - C ^ H ^ )
 9 were n o t i s o l a t e d ; h o w e v e r , they were i d e n t i f i e d by mixed 
i n j e c t i o n s , a n a l y t i c a l gas chromatography , w i t h known samples o f 
these f o u r compounds. 
x i 
F i v e compounds, a co renone -B (_7) , ke s sane (1) , e l e m o l ( 2 ) , 
8 -eudesmol ( 6 - A ) , and 7-hydroxycalamene ( 9 ) , were i s o l a t e d from t h e 
s team v o l a t i l e o i l o f the h y b r i d g r a s s 5 6 x 6 2 7 - 1 . C o n c l u s i o n s have 
been drawn as t o the b i o g e n e t i c o r i g i n o f t h e s e f i v e compounds b a s e d 
on t h e i r c o - o c c u r r e n c e . Gas ch roma tog raph i c s t u d i e s o f the s team 
v o l a t i l e o i l s o f the v a r i o u s g r a s s e s o f B o t h r i o c h l o a i n t e r m e d i a i n 
t h i s r e s e a r c h are o n l y the i n i t i a l s t a g e s o f a l o n g range s t udy o f the 
g r a s s e s 1 p a l a t a b i l i t y t o c a t t l e and i n s e c t a n t i f e e d a n t p r o p e r t i e s and 
a t t h i s p o i n t i t appears a h i g h acorenane-B (_7) c o n t e n t i s r e l a t e d t o 
low p a l a t a b i l i t y t o c a t t l e and h i g h i n s e c t r e s i s t a n c e . S t u d i e s on 
c h e m i c a l taxonomy as r e l a t e d t o B o t h r i o c h l o a i n t e r m e d i a a re s t i l l 
i n c o n c l u s i v e due t o B o t h r i o c h l o a i n t e r m e d i a ' s g e n e t i c a g g r e s s i v e n e s s . 




The pu rpose o f t h i s r e s e a r c h was t h r e e f o l d . F i r s t , s e v e r a l 
s econda ry p l a n t m e t a b o l i t e s were i d e n t i f i e d i n the hexane e x t r a c t o f 
Pe l tophorum inerme ( R o x b . ) Naves . S i n c e Pe l tophorum inerme showed 
c o n f i r m e d p r e l i m i n a r y a n t i - t u m o r a c t i v i t y , e x t r a c t s were s e n t t o the 
N a t i o n a l I n s t i t u t e o f Hea l th f o r f u r t h e r t e s t i n g . S e c o n d , s e v e r a l 
s e c o n d a r y p l a n t m e t a b o l i t e s i n t h e s team v o l a t i l e o i l o f the h y b r i d 
g r a s s 5 6 x 6 2 7 - 1 , p r e p a r e d from two forms o f B o t h r i o c h l o a i n t e r m e d i a 
(R. B r . ) A. Camus were i d e n t i f i e d . T h i r d , a gas c h r o m a t o g r a p h i c s tudy 
was made o f the s team v o l a t i l e o i l s from some a c c e s s i o n s , h y b r i d s , and 
s t r a i n s o f B o t h r i o c h l o a i n t e r m e d i a f o r t h e u l t i m a t e p u r p o s e o f d e t e r ­
mining p a l a t a b i l i t y t o c a t t l e , i n s e c t a n t i f e e d a n t p r o p e r t i e s , and 
a i d i n g t axonomic i d e n t i f i c a t i o n . 
Pe l tophorum inerme i s a med ium-s ized t o l a r g e e v e r g r e e n t r e e 
30-65 f e e t i n h e i g h t and 1.5 f e e t o r more i n trunk d i a m e t e r , w i t h 
s p r e a d i n g b ranches and dense f o l i a g e . Common names f o r Pe l tophorum 
inerme a r e y e l l o w f lamboyant and y e l l o w p o i n c i a n a . The t r e e i s n a t i v e 
i n C e y l o n , sou the rn I n d i a , Malaya , Eas t I n d i e s , P h i l i p p i n e s , and 
n o r t h e r n A u s t r a l i a ; h o w e v e r , i t i s n o t n a t i v e i n Puer to R i c o , where i t 
was c o l l e c t e d b y t h e U .S . Department o f A g r i c u l t u r e f o r t h i s r e s e a r c h . 
Pe l tophorum inerme i s grown i n Pue r to R i c o as an ornamenta l shade 
t r e e b e c a u s e o f i t s y e l l o w f l o w e r s and r e d d i s h f r u i t s . F l o w e r i n g 
2 
o c c u r s from s p r i n g t o f a l l ( A p r i l t o September) and f r u i t i n g o c c u r s 
c h i e f l y i n the winter., ' '" 
Pe l tophorum inerme e x t r a c t s were s c r e e n e d b y t h e N a t i o n a l 
I n s t i t u t e o f Hea l th f o r a n t i - t u m o r a c t i v i t y . A c t i v i t y was found i n 
KB-Ce l l C u l t u r e . Our i n t e r e s t was i n c o n c e n t r a t i n g the KB a c t i v i t y b y 
s u c c e s s i v e l y e x t r a c t i n g and p a r t i t i o n i n g t h e e x t r a c t s w i t h v a r i o u s 
s o l v e n t s and s e n d i n g t h e s e t o the N a t i o n a l I n s t i t u t e o f Heal th f o r 
s c r e e n i n g . A f t e r the a n t i - t u m o r a c t i v i t y was c o n c e n t r a t e d i n a p a r t i ­
c u l a r e x t r a c t , then the compounds r e s p o n s i b l e f o r t h i s a n t i - t u m o r 
a c t i v i t y c o u l d be i s o l a t e d and i d e n t i f i e d . I t tu rned ou t t h a t even 
though the p l a n t showed p r e l i m i n a r y a n t i - t u m o r a c t i v i t y , the v a r i o u s 
e x t r a c t s o f t h e p l a n t showed v e r y l i t t l e o r no a n t i - t u m o r a c t i v i t y . 
An o u t l i n e o f the e x t r a c t i o n p r o c e d u r e i s shown on Chart 1 , p„ 2 0 . 
The hexane e x t r a c t (Char t 1 , p . 2 0 ) o f Pe l tophorum inerme was 
s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I I , 272°C) , GC t r a c e 
#1 (Append ix 1 , p . 73) . From t h i s t r a c e i t can b e s een tha t t h e r e a re 
e l e v e n major compounds p r e s e n t . A t o t a l o f e i g h t o f t h e s e compounds 
were i d e n t i f i e d . Four o f the compounds, n - h e p t a c o s a n e ( n - C ^ ^ H ^ ^ ) , n -
nonacosane ( n ~ C 29 H 6o^ ' n ~ n e n t r i a c o n t a n e ^ n " C 3 i H 6 4 ^ ' 3 1 1 ( 1 n - t r i t r i a -
con tane ^n"C2^68^ w e r e i s ° l a t e d by p r e p a r a t i v e gas chromatography 
( C o l I I I , 278°C) and i d e n t i f i e d b y mass s p e c t r a l a n a l y s i s . The o t h e r 
f o u r compounds, n - o c t a c o s a n e ( n - C 2 g H ^ g ) , n - t r i a c o n t a n e (n""C30H62^» n ~ 
d o t r i a c o n t a n e (n~C32H,56^» 3 1 1 ( 1 n - t e t r a t r i a c o n t a n e ( n - C ^ ^ H ^ ) were n o t 
i s o l a t e d ; h o w e v e r , they were i d e n t i f i e d by mixed i n j e c t i o n s , a n a l y t i c a l 
gas chromatography ( C o l I I , 272 °C) , w i t h known samples o f t h e s e f o u r 
compounds. 
3 
Alkalies a re v e i y w i d e l y d i s t r i b u t e d i n b o t h t he p l a n t and 
animal k ingdoms . In p l a n t s they a r e most abundant i n t h e c u t i c l e 
waxes which a c t as p r o t e c t i v e c o a t i n g s on l e a v e s and s t e m s . The t e rm 
wax r e f e r s t o an e s t e r o f a h i g h e r f a t t y a c i d and a h i g h e r a l i p h a t i c 
a l c o h o l , b u t i n the p r e s e n t c o n t e x t i t a p p l i e s t o a l l s u b s t a n c e s o f 
"waxy" c h a r a c t e r i s o l a t e d from t h e p l a n t . The waxy c o a t i n g on the 
l e a v e s o f p l a n t s pe r fo rms a t l e a s t two major f u n c t i o n s . F i r s t , t he 
waxy c o a t i n g a s s i s t s i n c o n t r o l l i n g t he w a t e r - b a l a n c e o f t h e p l a n t , 
e s p e c i a l l y under e x c e s s i v e l y moi s t o r dry c o n d i t i o n s . S e c o n d , the 
waxy l a y e r seems t o c o n t a i n s u b s t a n c e s which i n h i b i t b a c t e r a l , f u n g a l , 
and i n s e c t a t t a c k . The major c o n s t i t u e n t s o f p l a n t waxes are C^y, 
C 2 9 * C 3 1 * C 3 3 n ~ a ^ a n e s » ' r n e c o n t e n t o f odd-ca rbon-number a lkanes 
i s u s u a l l y g r e a t e r than t ha t o f even-ca rbon-number a lkanes by a 
2 
f a c t o r o f more than t e n . The most p r o b a b l e mechanism f o r t he 
b i o g e n e s i s o f a lkanes i n p l a n t s i n v o l v e s d e c a r b o x y l a t i o n o f the 
c o r r e s p o n d i n g l o n g - c h a i n f a t t y a c i d s . Horning and h e r c o - w o r k e r s have 
shown the p o s s i b l e b i o g e n e s i s o f b o t h odd and even-ca rbon-number l o n g 
3 
cha in f a t t y a c i d s . ]!his b i o g e n e s i s i s shown b e l o w . 
RCO-CoA + n 
COOH 
CH2CO-CoA 
+ R(CH 0 CH 0 ) COOH Z Z n 
I f R- i s methyl the a c i d w i l l b e even -ca rbon-numbered . I f R- i s e t h y l 
the a c i d w i l l be odd -ca rbon-numbered . S i n c e t h e even-ca rbon-numbered 
c a r b o x y l i c a c i d s a re p r o d u c e d i n l a r g e r amounts than the o d d - c a r b o n -
numbered c a r b o x y l i c a c i d s , i t can b e seen why the odd-ca rbon-numbered 
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a lkanes ( a r i s i n g by d e c a r b o x y l a t i o n ) are p r o d u c e d i n g r e a t e r amounts 
than the even-ca rbon-numbered a l k a n e s . 
B o t h r i o c h l o a i n t e r m e d i a i s a member o f t h e g ra s s f a m i l y (Gra -
m i n e a e ) . Common names f o r B o t h r i o c h l o a i n t e r m e d i a a re sundhaur, 
Burne t t R i v e r b l u e g r a s s , p o v e r t y g r a s s , s o u r g r a s s , and p u r p l e 
t a s s e l g r a s s . The g ras s i s n a t i v e i n A f r i c a , I n d i a , P a k i s t a n , C e y l o n , 
Assam, Burma, Malaya , I n d o - C h i n a , China , A u s t r a l i a , and most o f the 
4 
P a c i f i c i s l a n d s . 
The Department o f Agronomy a t Oklahoma S t a t e U n i v e r s i t y , 
S t i l l w a t e r , Oklahoma, g a t h e r e d s e e d s o f Bothriochloa intermedia from 
t h o s e c o u n t r i e s i n which i t i s n a t i v e . The s e e d s were then p l a n t e d i n 
S t i l l w a t e r , Oklahoma, o r F o r t Reno , Oklahoma, f o r the pu rpose o f 
f i n d i n g new and improved g r a s s e s which wou ld b e used to f e e d c a t t l e . 
In t h i s d i s s e r t a t i o n a form i s d e f i n e d as a d i s t i n c t v a r i e t y o f 
B o t h r i o c h l o a i n t e r m e d i a . Hybr ids were p r e p a r e d from d i f f e r e n t forms 
o f B o t h r i o c h l o a i n t e r m e d i a . H y b r i d i z a t i o n s were c a r r i e d ou t by means 
o f hand e m a s c u l a t i o n s and p o l l i n a t i o n s . An a c c e s s i o n i s d e f i n e d as a 
p a r t i c u l a r p l o t o f B o t h r i o c h l o a i n t e r m e d i a which c o u l d b e a pure fo rm, 
a h y b r i d , o r a s t r a i n . A s t r a i n i s d e f i n e d as a b l e n d o f h y b r i d s o r 
a c c e s s i o n s . The term " g r a s s " w i l l b e used t o deno te any o f t h e n i n e 
samples o f B o t h r i o c h l o a i n t e r m e d i a s t u d i e d i n t h i s d i s s e r t a t i o n . 
B o t h r i o c h l o a i n t e r m e d i a was o f p a r t i c u l a r i n t e r e s t t o the 
ag ronomis t s a t Oklahoma S t a t e U n i v e r s i t y b e c a u s e o f i t s w i n t e r h a r d i ­
n e s s under Oklahoma c o n d i t i o n s . D i f f e r e n t forms o f B o t h r i o c h l o a 
i n t e r m e d i a were t r i e d i n t h e s o u t h from F l o r i d a t o C a l i f o r n i a due t o 
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i t s t r o p i c a l o r i g i n . I t was hoped tha t by making h y b r i d s from v a r i o u s 
forms o f B o t h r i o c h l o a i n t e r m e d i a t h e g ra s s c o u l d be even b e t t e r s u i t e d 
S 
to the Uni ted S t a t e s . One such h y b r i d tha t was p r e p a r e d was the 
h y b r i d 5 6 x 6 2 7 - 1 , p r e p a r e d from two forms o f B o t h r i o c h l o a i n t e r m e d i a , a 
g a n g e t i c a type (male ) i n d i g e n o u s t o the G a n g e t i c P l a i n o f I n d i a , and 
an i n d i c a type ( f e m a l e ) i n d i g e n o u s t o Punjab , I n d i a . ^ The major p a r t 
o f t h i s d i s s e r t a t i o n i s c o n c e r n e d w i t h the i s o l a t i o n and i d e n t i f i c a t i o n 
o f the m e t a b o l i t e s i n the s team v o l a t i l e o i l o f t h i s h y b r i d . "K" 
s t r a i n i s a b l e n d o f t h r e e a c c e s s i o n s i n d i g e n o u s t o the Kulu v a l l e y i n 
I n d i a . Both " I - F " and " I - T " s t r a i n s a re b l e n d s o f t h i r t y h y b r i d s , 
each o f which c o n t a i n s e i t h e r a c c e s s i o n 5297 (Lahnava la , I n d i a ) o r 
a c c e s s i o n 5410 (Pun j ab , I n d i a ) as a p a r e n t . A c c e s s i o n 5297 i s i n d i ­
genous t o Lahnava la , I n d i a . A c c e s s i o n 5752 i s i n d i g e n o u s t o Kedah, 
Malaya. F i n a l l y , a c c e s s i o n s 8967 , 8969 , and 8907 a re a l l i n d i g e n o u s 
6 
t o Turkey. 
Tab le 1 shows the compounds p r e s e n t i n the s team v o l a t i l e o i l s 
o f the n i n e g r a s s e s . As n o t e d i n the t a b l e , a co renone -B ( 7 ) , ke s sane 
( 1 ) , e l e m o l ( 2 ) , (3-eudesmol ( 6 - A ) , and 7-hydroxycalamenene ( 9 ) were 
9 10 
i s o l a t e d from the h y b r i d 5 6 x 6 2 7 - 1 . A l s o i n t e r m e d e o l ' ( 1 1 ) was 
i s o l a t e d from a c c e s s i o n 5 2 9 7 , neointermedeol' '" ' '" ( 1 2 ) was i s o l a t e d from 
a c c e s s i o n 5 7 5 2 , and a c o r e n o n e - B (7) was i s o l a t e d from "K" s t r a i n . The 
p r e s e n c e o f any o f t h e above compounds i n any o t h e r g r a s s was d e t e r ­
mined o n l y by gas c h r o m a t o g r a p h i c r e t e n t i o n t imes ( G C : R t ) w i t h mixed 
i n j e c t i o n s . The s t r u c t u r e s o f the s e s q u i t e r p e n e s i s o l a t e d from 
B o t h r i o c h l o a i n t e r m e d i a a re shown i n F igu re 2 . 
Table 1. Compounds P re sen t i n the Nine Grasses o f B o t h r i o c h l o a i n t e r m e d i a 
Acorenone-B I n t e r m e d e o l Neo in t e rmedeo l Kessane Elemol g-Eudesmol 7-Hydroxycalamenene 
Hybr id 
54x627-1 i s o l a t i o n 
* 
—* i s o l a t i o n i s o l a t i o n i s o l a t i o n i s o l a t i o n 
" I - F " s t r a i n GC:R t GC:R t 
? 
* GC:R t GC:R t GC:R t 
? 
—* 
" I - T " s t r a i n GC:R t GC:R t 
? 




"K" s t r a i n i s o l a t i o n —* —* * —* - - * —* 
A c c e s s . 5297 —* i s o l a t i o n —* * * * * 
A c c e s s . 5752 —* * i s o l a t i o n * * .—* * 
A c c e s s . 8967 G C : R t GC:R t 
? 
* * * —* * 
A c c e s s . 8969 GC:R t GC:R t 
? 
* —* * —* —* 
A c c e s s . 8907 * GC:R t —* —* * A * 
Not de te rmined . 
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HO » H | H O / r > H 
i n t e r m e d e o l 11 n e o i n t e r m e d e o l 12 
V0H 
-eudesmol 6-A 
e l e m o l 2 7-hydroxyca lamenene 9 kes sane 1 
F igu re 2 . Sesquiterpetn.es i s o l a t e d from B o t h r i o c h l o a i n t e r m e d i a . 
I t i s i n t e r e s t i n g t o n o t e t h a t the f i v e s e s q u i t e r p e n e s i s o l a t e d 
from the h y b r i d 56x627-1 a l l c o n t a i n d i f f e r e n t s t r u c t u r a l t y p e s : 
a co renone -B ( 7 ) ( a c o r a n e ) , ke s sane ( 1 ) ( g u a i a n e ) , e l e m o l ( 2 ) ( e l e m a n e ) , 
3 -eudesmol ( 6 - A ) ( eudesmane ) , and 7-hydroxyca lamenene ( 9 ) ( c a d i n a n e ) . 
Enough i s known about the p r i n c i p l e r o u t e s o f b i o g e n e s i s t o pe rmi t the 
c o n c l u s i o n tha t a group o f c l o s e l y r e l a t e d compounds o c c u r r i n g i n a 
s i n g l e p l a n t a r e a l l d e r i v e d b y s e c o n d a r y a l t e r a t i o n o f a common 
12 
p r e c u r s o r . In the c a s e o f t h e s e f i v e c o - o c c u r r i n g s t r u c t u r a l t y p e s 
two common p r e c u r s o r s can b e w r i t t e n . The common p r e c u r s o r f o r 
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aco renone -B ( 7 ) and 7-hydroxycalamenene ( 9 ) c o u l d b e the $ - b i s a b o l y l 
c a t i o n ( 1 4 ) d e r i v e d from c i s , t r a n s - f a r n e s y l py rophospha t e ( 1 3 ) . The 
common p r e c u r s o r f o r e l e m o l ( 2 ) , $ -eudesmol ( 6 - A ) , and ke s sane ( 1 ) 
c o u l d be d i f f e r e n t c o n f o r m a t i o n s o f the t r a n s , t r a n s - 1 , 5 - c y c l o d e c a d i e n e 
c a t i o n ( 1 6 ) d e r i v e d from t r a n s , t r a n s - f a r n e s y l py rophospha t e ( 1 5 ) . 
The b i o g e n e s i s scheme f o r t h e s e f i v e s t r u c t u r a l t y p e s i s shown i n 
F igu re s 3 and 4 . 
As n o t e d i n the f i r s t paragraph o f the I n t r o d u c t i o n , a gas 
c h r o m a t o g r a p h i c s tudy was made o f the n i n e g r a s s e s f o r the pu rpose o f 
d e t e r m i n i n g p a l a t a b i l i t y t o c a t t l e , i n s e c t a n t i f e e d a n t p r o p e r t i e s , and 
a i d i n g t axonomic i d e n t i f i c a t i o n , , Of the n i n e g r a s s e s s t u d i e d , c a t t l e 
l i k e d the " I - F " and " I - T " s t r a i n s the most and "K" s t r a i n the l e a s t . 
From t h i s sma l l sample no c o n c l u s i o n c o u l d y e t b e drawn as t o the 
r e l a t i o n s h i p be tween p a l a t a b i l i t y t o c a t t l e and the compounds i n t he 
s team v o l a t i l e o i l s ; h o w e v e r , as can b e s e e f rom GC t r a c s # T s 4 , 5 
and 6 (Append ix 1 , p . 7 6 , 77 , and 78) " I - F " and " I - T " s t r a i n s are r i c h 
i n monoterpenes and s e s q u i t e r p e n e s whereas "K" s t r a i n c o n t a i n s 
p r a c t i c a l l y 100% aco renone -B (_7) • A s c i e n t i f i c s tudy has n o t y e t been 
made on the i n s e c t a n t i f e e d a n t p r o p e r t i e s o f B o t h r i o c h l o a i n t e r m e d i a ; 
h o w e v e r , i t has been o b s e r v e d t h a t when the v a r i o u s g r a s s e s were growing 
n e a r each o t h e r no f o r a g i n g i n s e c t s , such as g r a s s h o p p e r s , were 
o b s e r v e d i n the "K" s t r a i n p l o t , whereas g r a s s h o p p e r s were o b s e r v e d i n 
p l o t s o f the o t h e r grasses , , A g a i n , no c o n c l u s i o n s c o u l d b e drawn as 
t o the i n s e c t r e s i s t a n c e o f "K" s t r a i n ; h o w e v e r , as n o t e d b e f o r e , t he 
s team v o l a t i l e o i l o f t h i s g r a s s c o n t a i n s p r a c t i c a l l y 100% aco renone -B 
( 7 ) . F i n a l l y , i t may b e i m p o s s i b l e t o r e l a t e t he c o m p o s i t i o n o f the 
a c o r a / v e ca/fcio/v 
@ - b i s a b o u ( ca'fcio /v (iW) 
i 
| F igu re 3 . B i o g e n e t i c Scheme t o Acorenone-B and 7-Hydroxycalamenene ( 9 } . 
A 
F i g u r e 4 . B i o g e n e t i c Scheme t o B-Endesmol ( 6 - A ) , Elemol ( 2 ) , and Kessane ( 1 ) . 
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steam v o l a t i l e o i l s o f the v a r i o u s g r a s s e s o f B o t h r i o c h l o a i n t e r m e d i a 
t o t axonomic i d e n t i f i c a t i o n . The d i f f i c u l t y i n r e l a t i n g s team v o l a ­
t i l e o i l c o m p o s i t i o n to t axonomic i d e n t i f i c a t i o n l i e s i n B o t h r i o c h l o a 
13 
i n t e r m e d i a ' s g e n e t i c a g g r e s s i v e n e s s . Har land has s t a t e d : " I t 
g r a d u a l l y became apparen t t ha t B o t h r i o c h l o a i n t e r m e d i a i t s e l f i s a 
hodgepodge o f germ p lasm assembled from a t l e a s t f i v e s p e c i e s 
b e l o n g i n g t o t h r e e g e n e r a . Every a c c e s s i o n o f B o t h r i o c h l o a i n t e r m e d i a 
i n o u r c o l l e c t i o n seems t o b e some s o r t o f c r o s s , b a c k c r o s s , o r i n t r o -
g r e s s i o n p r o d u c t o f one k i n d o r a n o t h e r . We have o v e r two hundred 
c o l l e c t i o n s o f the s p e c i e s from Cape Town to Kenya t o P a k i s t a n , I n d i a , 
Burma, Malaya , Taiwan., the P h i l i p p i n e s , I n d o n e s i a , New Guinea , and 
A u s t r a l i a , and we a re n o t su re t h a t any o f t h e s e r e p r e s e n t a r e a l l y 
o r i g i n a l B o t h r i o c h l o a i n t e r m e d i a . In the c o u r s e o f a s s i m i l a t i n g germ 
p lasm from v a r i o u s r e l a t e d s p e c i e s , B o t h r i o c h l o a i n t e r m e d i a seems t o 
have g e n e t i c a l l y consumed i t s own a n c e s t r a l f o r m . " 
This r e s e a r c h has r a i s e d a number o f q u e s t i o n s which w i l l make 
i n t e r e s t i n g r e s e a r c h p r o j e c t s . These p o s s i b l e p r o j e c t s a re d i s c u s s e d 
i n Chapter V o f t h i s d i s s e r t a t i o n . The Gramineae c o n t a i n o v e r seven 
thousand s p e c i e s , y e t remain r e l a t i v e l y untouched i n t he a rea o f 
n a t u r a l p r o d u c t i s o l a t i o n and i d e n t i f i c a t i o n . The Gramineae are r i c h 
i n compounds wi th i n t e r e s t i n g and d i v e r s e s t r u c t u r e s as demons t ra ted 
by the s t r u c t u r e s o f the compounds i n one o f i t s members, B o t h r i o c h l o a 
i n t e r m e d i a . 
A l l o f the compounds i s o l a t e d i n t h i s r e s e a r c h from Pe l tophorum 
inerme and B o t h r i o c h l o a i n t e r m e d i a can b e c l a s s i f i e d as " s e c o n d a r y 
p l a n t m e t a b o l i t e s " . "Pr imary p l a n t m e t a b o l i t e s " can b e d i s t i n g u i s h e d 
12 
f rom " s e c o n d a r y p l a n t m e t a b o l i t e s " i n two w a y s . F i r s t , the "pr imary 
p l a n t m e t a b o l i t e s " such as the l ow m o l e c u l a r w e i g h t c a r b o x y l i c a c i d s 
o f the Krebs c y c l e , the twenty o r s o amino a c i d s tha t make up the 
m a j o r i t y o f the p r o t e i n s , t h e common f a t s and l i p i d s , and t h e common 
suga r s and sugar d e r i v a t i v e s a re u n i v e r s a l i n t h e i r d i s t r i b u t i o n . The 
" s e c o n d a r y p l a n t m e t a b o l i t e s " , such as a l k a l o i d s , s t e r o i d s , t e r p e n e s , 
and p h e n o l i c compounds are more r e s t r i c t e d i n d i s t r i b u t i o n and more 
c h a r a c t e r i s t i c o f s p e c i f i c b o t a n i c a l s o u r c e s . S e c o n d , the "pr imary 
p l a n t m e t a b o l i t e s " have a c l e a r l y r e c o g n i z e d f u n c t i o n i n the m e t a b o l i c 
a c t i v i t i e s o f the p l a n t , w h e r e a s , many o f t he " s e c o n d a r y p l a n t meta­
b o l i t e s " do n o t . 
U n t i l a few y e a r s ago t h e s e " s e c o n d a r y p l a n t m e t a b o l i t e s " were 
c o n s i d e r e d t o be o n l y was te m a t e r i a l s from pr imary m e t a b o l i c p r o c e s s e s . 
14 15 
They are now b e l i e v e d t o be r e s p o n s i b l e f o r a l l e l o c h e m i c ' i n t e r ­
a c t i o n s , which a re i n t e r a c t i o n s i n v o l v i n g c h e m i c a l s b y which organisms 
o f one s p e c i e s a f f e c t the g r o w t h , h e a l t h , b e h a v i o r , o r p o p u l a t i o n 
b i o l o g y o f o rgan isms o f ano the r s p e c i e s . " ^ C o e v o l u t i o n i s the e v o l u ­
t i o n a r y i n t e r a c t i o n s bettreen g e n e t i c a l l y i s o l a t e d groups o f o r g a n i s m s . " ^ 
Two t y p e s o f i n t e r a c t i o n s w i l l be b r i e f l y d i s c u s s e d . One t y p e o f 
i n t e r a c t i o n i s the s u p p r e s s i o n o f growth o f some p l a n t s b y c h e m i c a l s 
r e l e a s e d from a n o t h e r p l a n t . This phenomenon i s known as a l l e l o ­
p a t h y . 1 4 , 1 5 , 1 8
 T j i e o t j i e r type o f i n t e r a c t i o n i s the d e f e n s e , through 
the use o f c h e m i c a l s , which some p l a n t s have d e v e l o p e d f o r t h e i r 
p r o t e c t i o n from h e r b i v o r e s . 
One example o f a l l e l o p a t h y i n v o l v e s s o f t c h a p a r r a l i n the h i l l s 
n e a r Santa Barba ra , C a l i f o r n i a . When s o f t c h a p a r r a l i n v a d e s g r a s s l a n d s 
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on some s o i l s d u r i n g dry p e r i o d s i t has been n o t e d t h a t the i n v a d i n g 
shrub p a t c h e s a re su r rounded by b e l t s o f b a r e s o i l one t o two meters 
wide and d e v o i d o f he rbs and w i d e r b e l t s i n which growth o f t he g r a s s ­
l a n d p l a n t s i s r e d u c e d . The cause o f t hese b a r e b e l t s i s b e l i e v e d t o 
b e due to t he v o l a t i l e t e r p e n e s (camphor , c i n e o l e , e t c . ) which g i v e 
the shrub community i t s c h a r a c t e r i s t i c f r a g r a n c e . The t e r p e n e s a re 
a b s o r b e d from the a i r o n t o s o i l p a r t i c l e s i n amounts e f f e c t i v e i n 
1 9 - 2 2 
i n h i b i t i n g ge rmina t ion and growth o f herb s e e d l i n g s . This i s 
j u s t one example o f a l l e l o p a t h i c phenomena. A l l e l o p a t h i c e f f e c t s have 
been r e p o r t e d f o r a g r i c u l t u r a l and w i l d s p e c i e s from r a i n - f o r e s t 
10 2 A 25 
t r e e s t o d e s e r t s h r u b s . ' There a re a l s o a number o f pathways by 
which the t o x i c " s e c o n d a r y p l a n t m e t a b o l i t e s " f i n d t h e i r way i n t o t he 
s o i l . Some a l l e l o p a t h i c m a t e r i a l s are r e l a s e d by ra inwash , f o g d r i p , 
v o l a t i l i z a t i o n from l e a v e s , e x c r e t i o n o r e x u d a t i o n from r o o t s , and 
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decay o f the p l a n t . Thus, i t can b e seen t ha t a l l e l o p a t h y i s w i d e ­
sp read and a l l e l o p a t h i c m a t e r i a l s are r e l e a s e d b y a v a r i e t y o f r o u t e s . 
The s e c o n d type o f i n t e r a c t i o n , tha t be tween p l a n t s and h e r b i ­
v o r e s , w i l l now be b r i e f l y d i s c u s s e d . A c c o r d i n g t o c o e v o l u t i o n a r y 
t h e o r y , p l a n t s a r e under p o w e r f u l e v o l u t i o n a r y p r e s s u r e s by h e r b i v o r e s , 
and de fend themse lves by m e t a b o l i z i n g compounds, " s e c o n d a r y p l a n t 
m e t a b o l i t e s " , which a r e n o t p a l a t a b l e t o the h e r b i v o r e s . The h e r b i v o r e s , 
i n t u rn , c i r cumven t the t o x i c c h e m i c a l s by d e t o x i c a t i o n o r e x c r e t i o n 
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and thus c o n t i n u e the e v o l u t i o n a r y p r e s s u r e on t h e p l a n t s . Thus , a 
28 
r e c i p r o c a l p r o c e s s c o n t i n u e s i n a s t e p w i s e f a s h i o n . Fraenkel was 
the f i r s t t o p r o p o s e tha t " s e c o n d a r y p l a n t m e t a b o l i t e s " were p r o d u c e d 
by p l a n t s as a means o f p r o t e c t i n g t h e m s e l v e s a g a i n s t h e r b i v o r e s . 
14 
Over two hundred p l a n t s p e c i e s have shown some i n s e c t a n t i f e e d a n t 
b e h a v i o r ; h o w e v e r , v e r y few o f t h e s e compounds have been t e s t e d under 
29 
c o n t r o l l e d c o n d i t i o n s . Two a l k a l o i d s t ha t a r e i n s e c t a n t i f e e d a n t s 
are tomat in and n i c o t i n e which r e p e l t he C o l o r a d o p o t a t o e b e e t l e , 
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L e p t i n o t a r s a d e c e m l i n e a t a . Two t e r p e n e s tha t a re i n s e c t a n t i f e e d a n t s 
31 32 
are s h i r o m o d i o l d i a c e t a t e and s h i r o m o d i o l m o n o a c e t a t e . ' These a re 
j u s t a few o f the many " s e c o n d a r y p l a n t m e t a b o l i t e s " which r e p e l 
h e r b i v o r e s . 
There are thousands o f " s e c o n d a r y p l a n t m e t a b o l i t e s " which have 
been d i s c o v e r e d and many thousands more which remain t o b e d i s c o v e r e d . 
These compounds, w i t h t h e i r w i d e s t r u c t u r a l v a r i e t y , cannot b e s i m p l y 
33 
was te p r o d u c t s o f pr imary p l a n t m e t a b o l i s m . Lev in has s a i d t ha t t h i s 
m u l t i t u d e o s t e n s i b l y i s t he consequence o f ( 1 ) s e l e c t i o n f o r n o v e l 
p r o d u c t s which c o n f e r pa thogen and h e r b i v o r e r e s i s t a n c e . ; ( 2 ) s e l e c t i o n 
f o r d i s t i n c t i v e c h e m i c a l p r o f i l e s , ( 3 ) t he numerous avenues by which 
s e l e c t i o n f o r e f f e c t i v e and d i s t i n c t i v e chemica l p r o f i l e s may b e 
s u c c e s s f u l . He c o n c l u d e s tha t the d i v e r s i t y o f s e c o n d a r y compounds i s 
an e v o l u t i o n a r y p r o d u c t , i n d e f i n i t e and i n d e t e r m i n a t e , and s u b j e c t t o 
s e l f - a u g m e n t a t i o n through t i m e . 
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Fraenkel has p o i n t e d ou t tha t the m a j o r i t y o f b i o c h e m i s t s and 
o r g a n i c chemis t s has been t o t a l l y unaware o f and d i s i n t e r e s t e d i n t h e 
r ea sons f o r the e x i s t a n c e o f " s e c o n d a r y p l a n t m e t a b o l i t e s " . Due 
p redominan t ly t o the r e c e n t work o f e n t o m o l o g i s t s and b o t a n i s t s , we 
a re d e v e l o p i n g a c l e a r e r unde r s t and ing o f t h e v i t a l r o l e p l a y e d by 
t he se s o - c a l l e d " s e c o n d a r y p l a n t m e t a b o l i t e s " . 
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CHAPTER I I 
INSTRUMENTATION AND EQUIPMENT 
M e l t i n g p o i n t s were de te rmined on e i t h e r a Thomas-Hoover c a p i l ­
l a r y m e l t i n g p o i n t appara tus o r a Thomas-Kof le r m i c r o h o t s t a g e Model 
651 and are u n c o r r e c t e d . M i c r o a n a l y s e s were pe r fo rmed by A t l a n t i c 
M i c r o l a b s , A t l a n t a , G e o r g i a . S o l v e n t s were removed i n vacuo on a 
B u c h l e r Ins t ruments r o t a r y e v a p o r a t o r a t w a t e r a s p i r a t o r p r e s s u r e . 
I n f r a r e d s p e c t r a were r e c o r d e d u s i n g a Pe rk in -E lmer 237B s p e c ­
t r o p h o t o m e t e r w i t h s o l i d s i n t he form o f p o t a s s i u m bromide p e l l e t s o r 
i n carbon t e t r a c h l o r i d e o r c h l o r o f o r m s o l u t i o n and l i q u i d s i n the form 
o f t h i n f i l m s be tween sodium c h l o r i d e p l a t e s o r i n carbon t e t r a c h l o r i d e 
o r c h l o r o f o r m s o l u t i o n . The band a t 1601 cm ^ o f p o l y s t y r e n e f i l m was 
used as a r e f e r e n c e . N u c l e a r magne t i c r e sonance s p e c t r a were o b t a i n e d 
i n d e u t e r o c h l o r o f o r m s o l u t i o n s c o n t a i n i n g t e t r a m e t h y l s i l a n e as an 
i n t e r n a l s t a n d a r d . A l l 60 MHz ''"H-NMR,s were o b t a i n e d u s i n g Var ian 
A s s o c i a t e s A-60D o r T-60A s p e c t r o m e t e r s , w h i l e 100 MHz ''"H-NMR's and 
13 
C-NMR's were done on a JEOL PFT-100 F o u r i e r t r a n s f o r m s p e c t r o m e t e r . 
Mass s p e c t r a were o b t a i n e d u s i n g e i t h e r an H i t a c h i Perk in-Elmer Model 
RMU-7L o r a Var ian Model M-66 mass s p e c t r o m e t e r . 
Gas ch roma tog raph i c t r a c e s were o b t a i n e d w i t h e i t h e r a H e w l e t t -
Packard Model 402 gas chromatograph o r an F and M Model 400 gas c h r o -
matograph u s i n g f lame i o n i z a t i o n d e t e c t o r s . P r e p a r a t i v e gas c h r o m a t o ­
graphy was pe r fo rmed on an Aerograph Autoprep Model A-700 gas 
16 
chromatograph w i t h a thermal c o n d u c t i v i t y d e t e c t o r . A l l columns were 
g l a s s and are l i s t e d b e l o w . 
Most p h y s i c a l s e p a r a t i o n s were a c c o m p l i s h e d by t h e use o f 
medium p r e s s u r e h i g h pe r fo rmance chromatography equ ipment . The pump 
tha t was used was an FMI Model RP-SY. A p r e p a c k e d EM Reagents s i l i c a 
g e l 60 s i z e C column was used w i t h t h e medium p r e s s u r e h i g h pe r fo rmance 
chromatography equ ipment . See F igu re 5 . Some samples were p u r i f i e d 
by h i g h p r e s s u r e h i g h pe r fo rmance chromatography equ ipment . The pump 
t h a t was used was a M i l t o n Roy Model 396 Ins t rument minipump. The 
column t ha t was used was a p r e p a c k e d P a r t i s i l M9 1 0 / 2 5 by Whatman. 
See F igure 6 . Sp inn ing band d i s t i l l a t i o n s were c a r r i e d ou t u s i n g a 
Nes t e r /Faus t annula r t e f l o n s p i n n i n g band d i s t i l l a t i o n column (24 x 0 . 5 
i n c h e s ) . 
Column 
Number L i q u i d Pha.se Suppor t Column S i z e 
I 5% SE-30 80 /100 Chromosorb W 5 ' 9 " x 1 /4" 
I I 3% OV-17 1 0 0 / 1 2 0 Gas-Chrom Q 5 » 7 " x 1 /4" 
I I I 5% SE-30 80 /100 Chromosorb W 4 , 9 " x 3 / 8 " 
IV 3% OV-17 1 0 0 / 1 2 0 Gas-Chrom Q 4 , 9 " x 3 / 8 " 
17 
si l ica, 
column. 
I 
M a i H 
coiutaN 
F i g u r e 5 . Medium P r e s s u r e Chromatography S e t u p . 
5 
F i g u r e 6. High P r e s s u r e Chromatography S e t u p . 
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CHAPTER I I I 
EXPERIMENTAL 
C o l l e c t i o n o f P l a n t M a t e r i a l 
Pe l tophorum inerme was c o l l e c t e d i n Puer to R i c o by the U . S . 
Department o f A g r i c u l t u r e i n A p r i l , 1 9 6 9 . The stems and l e a v e s were 
d r i e d , and then s h i p p e d i n ca rdboa rd c o n t a i n e r s . 
B o t h r i o c h l o a i n t e r m e d i a was grown a t S t i l l w a t e r o r F o r t Reno , 
Oklahoma, by the Agronomy Department at Oklahoma S t a t e U n i v e r s i t y . 
The g r a s s e s were e i t h e r d r i e d and s h i p p e d i n b a l e s o r s h i p p e d green i n 
ca rdboa rd c o n t a i n e r s . 
E x t r a c t i o n o f Pe l tophorum inerme 
Pe l tophorum inerme l e a v e s ( 2 . 3 7 Kg) were ground i n a Waring 
b l e n d e r c o n t a i n i n g hexane . The ground-up l e a v e s , suspended i n h e x a n e , 
were p l a c e d i n a l a r g e S o x h l e t e x t r a c t o r and c o n t i n u o u s l y e x t r a c t e d w i t h 
hexane (9 1) u n t i l the hexane i n the s iphon tube was c o l o r l e s s ( f i v e 
d a y s ) . The hexane was removed by a r o t a r y e v a p o r a t o r y i e l d i n g a dark 
green s o l i d ( 3 4 . 2 2 g ) . The hexane e x t r a c t was s u b j e c t e d t o a n a l y t i c a l 
gas chromatography ( C o l I I , 2 7 2 ° C ) , GC t r a c e #1 (Append ix 1, p . 7 3 ) . 
The p l a n t m a t e r i a l was then c o n t i n u o u s l y e x t r a c t e d w i t h 95% e t h a n o l 
(9 I) u n t i l the e t h a n o l i n the s i p h o n tube was c o l o r l e s s ( f i v e d a y s ) . 
The e t h a n o l was removed by a r o t a r y e v a p o r a t o r y i e l d i n g a dark green 
gum ( 2 1 2 . 9 6 g ) . The s o l i d p l a n t m a t e r i a l was then d i s c a r d e d . The 
e t h a n o l e x t r a c t was p a r t i t i o n e d between c h l o r o f o r m and w a t e r ( 1 : 1 ) 
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u n t i l the f r e s h c h l o r o f o r m from t h e c o n t i n u o u s e x t r a c t o r was c o l o r l e s s 
( f o u r d a y s ) . The c h l o r o f o r m was removed by a r o t a r y e v a p o r a t o r 
y i e l d i n g a dark green s o l i d ( 6 1 . 2 3 g ) . The w a t e r was removed b y a 
r o t a r y e v a p o r a t o r y i e l d i n g a brown s o l i d ( 9 2 . 1 9 g ) . Samples o f the 
hexane e x t r a c t , e t h a n o l e x t r a c t , c h l o r o f o r m e x t r a c t , and aqueous 
e x t r a c t were s e n t t o t h e N a t i o n a l I n s t i t u t e o f Hea l th f o r t e s t i n g . 
See Chart 1 f o r an o u t l i n e o f t he above p r o c e d u r e . Table 2 c o n t a i n s 
the c a n c e r s c r e e n d a t a . 
I s o l a t i o n o f n -Hep tacosane ( n - C ^ ^ H ^ . ^ 
n-Heptacosane (n—C„-,H ,.) was i s o l a t e d from the hexane extract 
2.1 DO 
o f Pe l tophorum inerme,, The hexane e x t r a c t ( 1 1 . 3 g ) , which was g reen 
i n c o l o r , was washed w i t h d i e t h y l e t h e r . The mother l i q u o r , which was 
green i n c o l o r , was decan t ed y i e l d i n g a w h i t e s o l i d ( 1 . 4 g ) . This 
e t h e r i n s o l u b l e w h i t e s o l i d was then s u b j e c t e d t o p r e p a r a t i v e gas 
chromatography ( C o l I I I , 2 7 8 ° C ) . The f i r s t peak t o appea r , R f c - 2 . 9 
min, was c o l l e c t e d . Th is sample was then s u b j e c t e d to a n a l y t i c a l gas 
chromatography ( C o l I I , 2 7 2 ° C ) . Only one peak was p r e s e n t , R f c - 2 . 4 
min, GC t r a c e #1 (Append ix 1 , p . 7 3 ) . This component bad t h e same 
35 36 
s p e c t r a l and p h y s i c a l p r o p e r t i e s as n - h e p t a c o s a n e (h->C_-,H C / ,) . ' L I DO 
GC: R - 2 . 4 min ( C o l I I , 272°C) 
MP : 58 -60°C l i t . 5 9 . 1 ° C 3 5 , 3 6 
Mass Spec t rum: M + = 380 ( 2 % ) , 57 (100%) 
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Chart 1. E x t r a c t i o n P r o c e d u r e f o r Pe l tophorum inerme 
P l a n t M a t e r i a l 
Hexane E x t r a c t 
E x t r a c t w i t h 
Hexane 
Marc 
E x t r a c t w i t h 
95% Ethanol 
E thano l E x t r a c t 
Marc 
( d i s c a r d ) 
E x t r a c t w i t h C h l o r o f o r m 
and Water ( 1 : 1 ) 
Ch lo ro fo rm E x t r a c t Aqueous E x t r a c t 
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Tab le 2 . N a t i o n a l Cancer I n s t i t u t e Sc reen Data on the 
Pe l tophorum inerme E x t r a c t s 
E x t r a c t GIT No. CCNSC No. 
Tumor 
Hexane FI304 B636170-F004 KB 
w i t h s l o p e - 0 . 0 0 ED50 2 . 0 
C h l o r o f o r m F005 B636170-F005 KB 
w i t h s l o p e - 0 . 0 0 ED50 2 . 0 
Water F006 B636170-F006 KB 
w i t h s l o p e - 0 . 0 0 ED50 2 . 0 
CHCl3:MeOH ( 2 : 1 ) F007 B636170-F007 KB 
s o l u b l e w i t h s l o p e - 0 . 0 0 ED50 2 . 0 
CHCl3:MeOH ( 2 : 1 ) F008 B636170-F008 KB 
i n s o l u b l e w i t h s l o p e - 0 . 0 0 ED50 2 . 0 
The i n t e r p r e t a t i o n o f the s c r e e n i n g da ta can b e found i n 
" I n s t r u c t i o n 1 4 , S c r e e n i n g Data Summary I n t e r p r e t a t i o n " , Drug Research 
and Deve lopment , D i v i s i o n o f Cancer Trea tment , NCI, B e t h e s d a , MD 20014 . 
The T/C parameters were e i t h e r mean o r median s u r v i v a l t i m e , 
e x c e p t f o r h o s t KB ( C e l l C u l t u r e ) . The h o s t i n a l l o t h e r c a s e s was 
mouse. 
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I s o l a t i o n o f n-Nonacosane (n-C^^H^ 
n-Nonacosane (n-C__HL_) was i s o l a t e d from t h e hexane e x t r a c t o f 
29 60 
Pe l tophorum i n e r m e . The hexane e x t r a c t ( 1 1 . 3 g ) , which was green i n 
c o l o r , was washed w i t h d i e t h y l e t h e r . The mother l i q u o r , which was 
g reen i n c o l o r , was d e c a n t e d y i e l d i n g a w h i t e s o l i d ( 1 . 4 g ) . Th i s 
e t h e r i n s o l u b l e w h i t e s o l i d was then s u b j e c t e d t o p r e p a r a t i v e gas 
chromatography ( C o l I I I , 2 7 8 ° C ) . The f o u r t h peak t o a p p e a r , R f c - 8 .6 
min, was c o l l e c t e d . Th i s sample was then s u b j e c t e d t o a n a l y t i c a l gas 
chromatography ( C o l I I , 2 7 2 ° C ) . Only one peak was p r e s e n t , R f c - 4 . 1 
min, GC t r a c e #1 (Append ix 1 , p . 7 3 ) . This component had the same 
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s p e c t r a l and p h y s i c a l p r o p e r t i e s as n -nonacosane ( n " " C 2 9 H 6 0 ^ * ' 
GC: R f c - 4 . 1 min ( C o l I I , 272°C) 
MP: 6 2 - 6 4 ° C l i t . 6 3 . 7 ° C 3 5 , 3 7 
Mass Spec t rum: M + = 408 ( 1 % ) , 57 (100%) 
I s o l a t i o n o f n - H e n t r i a c o n t a n e ( u " C 3]^ff^^2. 
n - H e n t r i a c o n t a n e ( n - C . - H L , ) was i s o l a t e d f rom the hexane 
31 O H 
e x t r a c t o f Pe l tophorum i n e r m e . The hexane e x t r a c t ( 1 1 . 3 g ) , which was 
g reen i n c o l o r , was washed w i t h d i e t h y l e t h e r . The mother l i q u o r , 
which was green i n c o l o r , was decan ted y i e l d i n g a w h i t e s o l i d ( 1 . 4 g ) . 
This e t h e r i n s o l u b l e w h i t e s o l i d was then s u b j e c t e d t o p r e p a r a t i v e gas 
chromatography ( C o l I I I , 2 7 8 ° C ) . The s i x t h peak t o appea r , R f c - 1 5 . 2 
min, was c o l l e c t e d . This sample was then s u b j e c t e d t o a n a l y t i c a l gas 
chromatography ( C o l I I , 2 7 2 ° C ) . Only one peak was p r e s e n t , R f c - 7 .0 
min, GC t r a c e #1 (Append ix 1 , p . 7 3 ) . This component had the same 
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s p e c t r a l and p h y s i c a l p r o p e r t i e s as n - h e n t r i a c o n t a n e ( n - C ^ H ^ ) . ' 
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GC: R - 7 .0 min ( C o l I I , 272°C) 
MP: 68°C l i t . 6 7 . 9 ° C 3 5 , 3 8 
Mass Spect rum: M + = 436 ( 2 % ) , 5 7 (100%) 
I s o l a t i o n o f n - T r i t r i a c o n t a n e ^ " ^ 3 3 ^ ^ 3 ) 
n - T r i t r i a c o n t a n e ( n - C 0 0 H ) was i s o l a t e d from the hexane e x t r a c t 
J J 0 0 
o f Pe l tophorum inerme,, The hexane e x t r a c t ( 1 1 . 3 g ) , which was green i n 
c o l o r , was washed w i t h d i e t h y l e t h e r . The mother l i q u o r , which was 
green i n c o l o r , was dticanted y i e l d i n g a w h i t e s o l i d ( 1 . 4 g ) . This e t h e r 
i n s o l u b l e w h i t e s o l i d was then s u b j e c t e d t o p r e p a r a t i v e gas ch roma to ­
graphy ( C o l I I I , 2 7 8 ° C ) . The e i g h t h peak t o appear R f c - 2 4 . 9 min, was 
c o l l e c t e d . This sample was then s u b j e c t e d t o a n a l y t i c a l gas ch roma to ­
graphy ( C o l I I , 2 7 2 ° C ) . Only one peak was p r e s e n t , R f c - 1 2 . 0 min, 
GC t r a c e #1 (Append ix 1, p . 7 3 ) . Th is component had t he same s p e c t r a l 
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and p h y s i c a l p r o p e r t i e s as n - t r i t r i a c o n t a n e ^n~C2^(,8^' 
GC: R f c - 1 2 . 0 min ( C o l I I , 272°C) 
MP: 71°C l i t . 72°C 3 5 
Mass Spec t rum: M + = 464 ( 7 % ) , 57 (100%) 
Column Chromatographies o f the Hexane E x t r a c t o f Pe l tophorum inerme 
During the courste o f the r e s e a r c h i n v o l v i n g t he i s o l a t i o n o f 
l o n g s t r a i g h t - c h a i n h y d r o c a r b o n s from the hexane e x t r a c t o f P e l t o ­
phorum inerme many column ch romatograph ie s were done i n an a t tempt t o 
i s o l a t e pure compounds. None o f t h e s e column chromatograph ies was 
s u c c e s s f u l i n t h a t no pure compounds were e v e r i s o l a t e d i n t h i s 
manner; h o w e v e r , many f r a c t i o n s were o b t a i n e d which were r i c h i n 
mix tu res o f two t o f o u r compounds. This was h e l p f u l i n tha t some o f 
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these mix tu res were l a t e r used t o i s o l a t e pure compounds b y p r e p a r a ­
t i v e gas chromatography . S e v e r a l o f ' t h e se chromatographys w i l l now b e 
d i s c u s s e d . 
Alumina ( a c t i v i t y I I I ) 
The hexane e x t r a c t o f Pe l tophorum inerme ( 1 . 0 g ) was ch romato -
graphed on 1 1 2 . 5 g o f alumina ( a c i d - w a s h e d , Merck , a c t i v i t y I I I ) packed 
i n h e x a n e . The f o l l o w i n g e l u t i o n scheme was used . 
F r a c t i o n S o l v e n t Volume (ml ) Weight ( 
1 Hexane 30 — 
2 Hexane 40 0 .1149 
3 Hexane 35 0 . 1 0 0 7 
4 Hexane . 30 0 . 0 0 5 2 
5 Hexane 40 0 . 0 0 8 1 
6 Hexane 30 0 . 0 0 6 1 
7 Benzene-H exane ( 1 : 9 ) 40 0 . 0 0 8 2 
8 Benzene-Hexane ( 1 : 9 ) 40 0 .0102 
9 Benzene-Hexane ( 1 : 9 ) 35 0 . 0 1 5 8 
10 Benzene-Hexane ( 1 : 3 ) 40 0 . 0 1 0 8 
11 Benzene-Hexane ( 1 : 3 ) 40 0 .0046 
12 Benzene-Hexane ( 1 : 3 ) 40 0 . 0 0 3 7 
13 Benzene-Hexane ( 1 : 1 ) 35 0 .0044 
14 Benzene-Hexane ( 1 : 1 ) 40 0 . 0 0 7 1 
15 Benzene-Hexane ( 1 : 1 ) 40 0 .0288 
16 Benzene-Hexane ( 3 : 1 ) 40 0 . 0 2 7 8 
17 Benzene-Hexane ( 3 : 1 ) 40 0 . 0 0 6 7 
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F r a c t i o n S o l v e n t Volume (ml ) Weight ( g ) 
18 Benzene-Hexane ( 3 : 1 ) 40 0 .0059 
19 Benzene 40 0 .0045 
20 Benzene 40 0 .0364 
21 B e n z e n e - C h l o r o f o r m ( 1 : 1 ) 40 0 .0625 
22 B e n z e n e - C h l o r o f o r m ( 1 : 1 ) 40 0 . 0 2 3 3 
23 B e n z e n e - C h l o r o f o r m ( 1 : 1 ) 40 0 .0089 
24 C h l o r o f o r m 40 0 . 0 0 6 0 
25 C h l o r o f o r m 40 0 . 0 1 1 
26 M e t h a n o l - C h l o r o f o r m ( 1 : 9 ) 40 0 .0113 
27 M e t h a n o l - C h l o r o f o r m ( 1 : 9 ) 40 0 . 0 2 0 0 
28 M e t h a n o l - C h l o r o f o r m ( 1 : 9 ) 30 0 . 0 5 6 8 
29 M e t h a n o l - C h l o r o f o r m ( 1 : 1 ) 40 0 .0179 
30 M e t h a n o l - C h l o r o f o r m ( 1 : 1 ) 40 0 . 0 2 0 0 
31 Methanol 40 0 . 1 0 0 7 
0 . 6 4 7 7 
65% r e c o v e r y 
F r a c t i o n s 2 , 4., 6 , 8, 1 0 , 1 3 , 1 5 , 18 , 2 2 , 2 5 , and 26 were 
s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I I , 2 7 2 ° C ) . A l l were 
m i x t u r e s . 
Alumina ( a c t i v i t y I I ) 
The hexane e x t r a c t o f Pe l tophorum inerme ( 0 . 0 2 3 3 g ) was chroma-
tog raphed on 1 .2 g o f a lumina ( a c i d - w a s h e d , Merck , a c t i v i t y I I ) p a c k e d 
i n h e x a n e . The f o l l o w i n g e l u t i o n scheme was u s e d : 
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F r a c t i o n S o l v e n t Volume (ml) Weight ( g ) 
1 Hexane 5 0 . 0 0 8 2 
2 Hexane-Benzene ( 4 : 1 ) 5 0 . 0 0 2 0 
3 Hexane-Benzene ( 4 : 1 ) 5 0 .0004 
4 Benzene 5 0 .0037 
5 Benzene 5 0 . 0 0 0 7 
6 B e n z e n e - C h l o r o f o r m ( 1 : 1 ) 5 0 . 0 0 0 3 
7 B e n z e n e - C h l o r o f o r m ( 1 : 1 ) 5 0 . 0 0 0 2 
8 Ch lo ro form 5 0 . 0 0 0 7 
9 C h l o r o f o r m 5 0 . 0 0 0 7 
10 Ch lo ro fo rm-Methano l ( 9 : 1 ) 5 0 . 0 0 0 3 
11 Methanol 5 0 . 0 0 0 2 
0 . 0 1 7 4 
75% r e c o v e r y 
F r a c t i o n s 1 , 2 , 4 , and 7 were s u b j e c t e d t o a n a l y t i c a l gas 
chromatography ( C o l I I , 2 7 2 ° C ) . A l l were m i x t u r e s . S i n c e most o f the 
m a t e r i a l came o f f i n the f i r s t f o u r f r a c t i o n s i t was d e c i d e d t h a t 
a c t i v i t y I a lumina s h o u l d b e used n e x t . 
Alumina ( a c t i v i t y I ) 
The hexane e x t r a c t o f Pe l tophorum inerme ( 0 . 0 2 3 4 g) was ch roma to -
graphed on 1.2 g o f alumina ( a c i d - w a s h e d , Merck, a c t i v i t y I I ) packed i n 
hexane . The f o l l o w i n g e l u t i o n scheme was u s e d : 
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F r a c t i o n S o l v e n t Volume (ml) Weight ( g ) 
1 Hexane 5 0 .0034 
2 Hexane-Benzene ( 4 : 1 ) 5 0 .0005 
CO
 Hexane-Benzene ( 4 : 1 ) 5 0 .0004 
4 Benzene 5 0 .0002 
5 Benzene 5 0 .0006 
6 B e n z e n e - C h l o r o f o r m ( 1 : 1 ) 5 0 . 0 0 0 2 
7 B e n z e n e - C h l o r o f o r m ( 1 : 1 ) 5 0 . 0 0 9 8 
CO
 Chlo ro fo rm 5 0 . 0 0 1 9 
9 C h l o r o f o r m 5 0 .0006 
10 Ch lo ro fo rm-Methano l ( 9 : 1 ) 5 0 .0015 
11 Methanol 5 — 
0 . 0 1 8 9 
81% r e c o v e r y 
F r a c t i o n s 1 , 7 , 8, and 9 were s u b j e c t e d t o a n a l y t i c a l gas 
chromatography ( C o l I I , 2 7 2 ° C ) . A l l were m i x t u r e s . 
S i l i c a Gel 
The hexane e x t r a c t o f Pe l tophorum inerme ( 0 . 0 2 0 0 g) was chroma-
tog raphed on 1.1 g o f s i l i c a g e l ( 1 0 0 - 2 0 0 mesh) packed i n h e x a n e . The 
f o l l o w i n g e l u t i o n scheme was u s e d : 
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F r a c t i o n S o l v e n t Volume (ml ) Weight ( g ) 
1 Hexane 5 
2 Hexane-Benzene ( 4 : 1 ) 5 0 . 0 0 3 3 
3 He xane-B en zene ( 4 : 1 ) 5 0 . 0 0 2 7 
4 Benzene 5 — 
5 B <m zene 5 — 
6 B e n z e n e - C h l o r o f o r m ( 1 : 1 ) 5 0 .0016 
7 B e n z e n e - C h l o r o f o r m ( 1 : 1 ) 5 0 . 0 0 1 1 
8 C h l o r o f o r m 5 0 . 0 0 2 3 
9 C h l o r o f o r m 5 0 . 0 0 2 1 
10 Ch lo ro fo rm-Methano l ( 9 : 1 ) 5 0 . 0 0 1 8 
11 Methanol 5 — 
0 . 0 1 4 9 
75% r e c o v e r y 
F r a c t i o n s 1, 4 , 5 , 6 , 8, and 9 were s u b j e c t e d t o a n a l y t i c a l gas 
chromatography ( C o l II , , 2 7 2 ° C ) . A l l were m i x t u r e s . 
These column ch romatograph ie s were n o t the o n l y ones c a r r i e d o u t . 
The hexane e x t r a c t o f Pe l tophorum inerme ( 1 . 0 g ) was chromatographed on 
1 0 9 . 1 g o f a lumina ( a c i d - w a s h e d , Merck , a c t i v i t y IV) packed i n h e x a n e . 
The e l u t i o n scheme was s i m i l a r t o the ones p r e v i o u s l y d e s c r i b e d . Even 
though 48 f r a c t i o n s were taken no pure compounds were i s o l a t e d . S t i l l 
o t h e r ch romatograph ie s were done i n which the e n r i c h e d f r a c t i o n s from 
one chromatography were r ech roma tog raphed . None o f t h e s e chromatog­
r a p h i e s y i e l d e d pure compounds. 
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A f t e r t r y i n g t h e s e column chromatograph ies i t was d e c i d e d that 
column chromatography was n o t the way to s e p a r a t e the mix tu re o f l o n g 
s t r a i g h t - c h a i n h y d r o c a r b o n s found i n the hexane e x t r a c t o f Pe l tophorum 
ine rme . S i n c e the h y d r o c a r b o n s c o u l d b e s e p a r a t e d by a n a l y t i c a l gas 
chromatography i t was d e c i d e d t o use p r e p a r a t i v e gas chromatography t o 
i s o l a t e the compounds. This method p r o v e d s u c c e s s f u l , a l t hough the 
y i e l d s were p o o r . 
E x t r a c t i o n o f B o t h r i o c h l o a i n t e r m e d i a - "K" S t r a i n 
B o t h r i o c h l o a i n t e r m e d i a , "K" s t r a i n , ( 2 . 0 Kg) was p l a c e d on a 
l a r g e S o x h l e t extractor and continuously extracted w i t h 95% e t h a n o l 
(9 &) u n t i l the s o l v e n t i n the s i p h o n tube was c o l o r l e s s ( f o u r d a y s ) . 
The e t h a n o l was removed by a r o t a r y e v a p o r a t o r y i e l d i n g a dark green 
gum ( 1 6 2 . 0 g ) . The e t h a n o l e x t r a c t was p a r t i t i o n e d be tween c h l o r o f o r m 
and w a t e r ( 1 : 1 ) u n t i l the c h l o r o f o r m i n the c o n t i n u o u s e x t r a c t o r was 
c o l o r l e s s ( f o u r d a y s ) . The c h l o r o f o r m was removed by a r o t a r y e v a p o r ­
a t o r y i e l d i n g a dark green s o l i d ( 3 6 . 2 g ) . The w a t e r was removed by a 
r o t a r y e v a p o r a t o r y i e l d i n g a brown s o l i d ( 8 0 . 4 g ) . The aqueous e x t r a c t 
was p a r t i t i o n e d be tween hexane and me thano l -wa te r ( 9 : 1 ) by s t i r r i n g 
o v e r n i g h t . The hexane was removed b y a r o t a r y e v a p o r a t o r y y i e l d i n g a 
brown s o l i d ( 1 7 . 1 g ) . The me thano l -wa te r was removed by a r o t a r y 
e v a p o r a t o r y i e l d i n g a brown s o l i d ( 1 4 . 1 g ) . Samples o f the e t h a n o l 
e x t r a c t , c h l o r o f o r m e x t r a c t , aqueous e x t r a c t , hexane e x t r a c t , and 
me thano l -wa te r e x t r a c t were s e n t t o the N a t i o n a l I n s t i t u t e o f Hea l th f o r 
t e s t i n g . See Chart 2 for an o u t l i n e o f t he above p r o c e d u r e . Tab le 3 
c o n t a i n s the c a n c e r s c r e e n d a t a . 
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Chart 2 . E x t r a c t i o n P r o c e d u r e f o r B o t h r i o c h l o a i n t e r m e d i a 
Marc 
D i s c a r d 
P l a n t M a t e r i a l 
E x t r a c t w i t h 
95% Ethano l 
E thanol E x t r a c t 
E x t r a c t w i t h 
C h l o r o f o r m and 
Water ( 1 : 1 ) 
Ch lo ro fo rm E x t r a c t Aqueous E x t r a c t 
E x t r a c t w i t h Hexane and 
Methanol -Water ( 9 : 1 ) 
Hexane E x t r a c t Methanol -Water E x t r a c t 
Table 3 . N a t i o n a l Cancer I n s t i t u t e Screen Data on Some B o t h r i o c h l o a i n t e r m e d i a E x t r a c t s 
E x t r a c t GIT No. CCNSC No, Tumor Dose T o x i c i t y ( s u r v i v o r s ) %TC 
"K" s t r a i n 
EtOH 









KB w s l o p e - 0 . 2 5 ED50 




"K" s t r a i n 
CHCU 
J B - I I I - 5 9 - 2 r o 
PS 
PS 






KB w s l o p e - 0 . 3 0 ED50 




"K" s t r a i n 
H 2 0 









KB w s l o p e - 0 . 0 0 ED50 




"K" s t r a i n 
hexane 









KB w s l o p e - 0 . 0 0 ED50 




"K" s t r a i n 
MeOH-H20 









KB w s l o p e - 0 . 5 3 ED50 




c o n t i n u e d . . . 
Table 3. ( c o n t i n u e d ) 
E x t r a c t GIT No. CCNSC No. Tumor 
Dose 
(nw/KR) 
T o x i c i t y 
( s u r v i v o r s ) %TC 
" I - F " s t r a i n J B - I I I - 6 0 - 1 B837108 PS 400 616 100 
PS 200 616 110 
EtOH PS 100 616 92 
KB w s l o p e - 0 . 0 0 ED50 
1.0 x 10 
to 
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E x t r a c t i o n o f B o t h r i o c h l o a i n t e r m e d i a - " I - F " S t r a i n 
B o t h r i o c h l o a i n t e r m e d i a , " I - F " s t r a i n , ( 1 . 5 4 Kg) was p l a c e d i n a 
l a r g e S o x h l e t e x t r a c t o r and c o n t i n u o u s l y e x t r a c t e d w i t h 95% e t h a n o l 
(9 I) u n t i l the s o l v e n t i n the s i p h o n tube was c o l o r l e s s ( f o u r d a y s ) . 
The e t h a n o l was removed on a r o t a r y e v a p o r a t o r y i e l d i n g a dark green gum 
( 2 2 3 . 8 g ) . A sample o f the e t h a n o l e x t r a c t was s e n t t o the N a t i o n a l 
I n s t i t u t e o f Heal th f o r t e s t i n g . Table 3 c o n t a i n s the c a n c e r s c r e e n 
da t a . 
g 
I s o l a t i o n o f the Steam V o l a t i l e O i l o f the Hybr id Grass ( 5 6 x 6 2 7 - 1 ) 
The h y b r i d 56x627-1 was p r e p a r e d from two forms o f B o t h r i o c h l o a 
i n t e r m e d i a (5410 x 5 4 0 0 ) . The chopped dry g ra s s was s team d i s t i l l e d i n 
a 12 l i t e r r o u n d - b o t t o m f l a s k h a l f - f i l l e d w i th g r a s s . The s team d i s t i l ­
l a t i o n was c o n t i n u e d u n t i l t h e r e was no o i l i n the c o n d e n s a t e , which 
u s u a l l y r e q u i r e d s i x t o t e n l i t e r s o f c o n d e n s a t e . The condensa t e was 
c o n t i n u o u s l y e x t r a c t e d w i t h e t h e r . The e t h e r a l s o l u t i o n was d r i e d 
(MgSO^) and the e t h e r removed by d i s t i l l a t i o n a t 40° w i t h a V i g r e u x 
column t o g i v e 0.2% o i l b a s e d on dry p l a n t . In t h i s manner a t o t a l o f 
120 g o f o i l was c o l l e c t e d . The o i l was then s u b j e c t e d t o a n a l y t i c a l 
gas chromatography ( C o l I , 1 5 2 ° C ) , GC t r a c e #2 (Append ix 1 , p . 7 4 ) , and 
( C o l I , 1 8 4 ° C ) , GC t r a c e #3 (Append ix 1 , p . 7 5 ) . On b o t h GC t r a c e s the 
peaks are l a b e l e d a l o n g w i t h t h e i r c o r r e s p o n d i n g r e t e n t i o n t i m e s . This 
o i l w i l l l a t e r be r e f e r r e d t o as 627 g r a s s o i l . 
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I s o l a t i o n o f Kessane ( 1 ) 
Kessane ( 1 ) was i s o l a t e d from the s team v o l a t i l e o i l o f the 
h y b r i d 56x627-1 p r e p a r e d from two forms o f B e t h r i o c h l o a i n t e r m e d i a 
(5410 x 5 4 0 0 ) . Kessane ( 1 ) was i s o l a t e d i n pure form by the use o f 
medium p r e s s u r e h i g h pe r fo rmance chromatography . The 627 g rass o i l 
( 3 . 0 g) was chromatographed on a s i l i c a g e l 6 0 , s i z e C, p r e - p a c k e d 
column. Kessane ( 1 ) ( 0 . 5 6 g) was i s o l a t e d i n pure form from a 1:1 
hexane -benzene f r a c t i o n . P u r i t y was de te rmined by a n a l y t i c a l gas 
chromatography ( C o l I,, 1 5 2 ° C ) . Mixed i n j e c t i o n s were used t o de te rmine 
tha t Kessane c o r r e s p o n d s t o peak #1 on b o t h GC t r a c e s #2 and #3 
(Append ix 1, p . 74 and 7 5 ) . This compound had the same p h y s i c a l and 
39 40 1 
s p e c t r a l p r o p e r t i e s as Kessane ( 1 ) . ' S p e c t r a ( H-NMR and IR) were 
k i n d l y s u p p l i e d by Y o s h i k o s h i . 
GC: R t - 1 0 . 0 min ( C o l I , 152°C) and R f c - 3 .6 min ( C o l I , 184°C) 
BP: 8 5 ° C / 0 . 2 mm Hg 4 > l i t . b . p . 110~112°Q/6 mm Hg 3 9 , 4 0 
I . R . : v f l l m 2 9 5 0 , 2 8 7 9 , 1 4 5 0 , 1 3 7 5 , 1 3 6 0 , 1 2 5 0 , 1 2 3 0 , 1 0 9 5 , 9 8 5 , 975 cm" max > » » > > > > > » 
•"•H-NMR (100 MHz, 6 , CDC1 3) : 0 . 7 9 1 ( 3 H , d , J = 6 .6 c p s ) , 1 .110 ( 3 H , s ) , 
1 .248 ( 6 H , s ) , 1 .675 (14H,m) 
1 3 C-NMR (25 MHz, 6 , C D C l 3 ) : 7 4 . 5 , 73 .6 ( e t h e r c a r b o n s ) , 5 0 . 1 , 4 1 . 4 , 
3 5 . 7 , 3 4 . 7 , 3 3 . 2 , 3 2 . 8 , 3 2 . 1 , 3 1 . 0 , 2 9 . 6 , 
2 8 . 2 , 2 4 . 2 , 1 8 . 4 
MS: M + = 222 ( 6 % ) , 126 (100%) 
A n a l : 81.34% C, 11.97% H ( C a l c d . f o r C ^ H ^ O : 81.02% C, 11.79% H) 
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I s o l a t i o n o f E lemol ( 2 ) 
Elemol ( 2 ) was i s o l a t e d from the s team v o l a t i l e o i l o f the 
h y b r i d 56x627-1 p r e p a r e d from two forms o f B o t h r i o c h l o a i n t e r m e d i a 
(5410 x 5 4 0 0 ) . E lemol ( 2 ) was i s o l a t e d i n pure form by t h e use o f 
column chromatography and p r e p a r a t i v e gas chromatography . The 627 
g ras s o i l ( 2 . 0 g) was chromatographed on s i l i c a g e l 60 ( 2 3 0 - 4 0 0 mesh) 
( 1 2 7 . 0 g ) . Only compounds which c o r r e s p o n d e d t o peaks #2 (R f c - 1 0 . 6 
min) and #6-A and 6-B (R f c - 1 6 . 7 min) on GC t r a c e #2 (Append ix 1, p . 74) 
were p r e s e n t i n the benzene f r a c t i o n . This f r a c t i o n was then s u b j e c t e d 
t o p r e p a r a t i v e gas chromatography ( C o l I I I , 1 4 8 ° C ) . The compound 
c o r r e s p o n d i n g t o the f i r s t peak t o appear was c o l l e c t e d . The sample 
( a w h i t e s o l i d ) was then s u b j e c t e d t o a n a l y t i c a l gas chromatography 
( C o l I , 1 5 2 ° C ) . Only one peak was p r e s e n t (R -r 1 0 . 6 m i n ) . Mixed 
i n j e c t i o n s were used t o de termine tha t e l e m o l ( 2 ) j c o r r e s p o n d s t o peak 
#2 on GC t r a c e #2 (Append ix 1 , p . 7 4 ) . This compound had the same 
Al A 2 
p h y s i c a l and s p e c t r a l p r o p e r t i e s as e l e m o l ( 2 ) . ' 
GC: R f c - 1 0 . 6 min ( C o l I , 152°C) 
MP: 5 2 - 5 3 ° C l i t . 5 2 - 5 3 ° C 4 1 
I R : v f l l m 3300 , 3070 , 2 9 6 0 , 2 9 3 0 , 2 8 5 0 , 1 6 3 0 , 1 4 6 5 , 1 4 3 0 , 1 3 7 0 , 9 1 0 , 
max ' ' ' * ' * ' * ' 
880 c m " 1 
" V n M R (100 MHz, 6 , CI )C1 3 ) : 0 .986 ( 3 H , s ) , 1 .204 ( 6 H , s ) , 1 .717 ( 3 H , s ) , 
4 . 6 0 3 - 4 . 9 7 5 ( 4 H , m ) , 5 .819 ( l H , q , J = 1 0 , 8 c p s ) 
MS: M + - 18 = 204 ( 7 % ) , 59 (100%) 
A n a l : 81.10% C, 11.83% H ( C a l c d . f o r C ^ H ^ O : 81.02% C, 11.79% H) 
36 
I s o l a t i o n o f 3-Eudesmol ( 6 - A ) 
3-Eudesmol ( 6 - A ) was i s o l a t e d from t h e s team v o l a t i l e o i l o f t he 
h y b r i d 56x627-1 p r e p a r e d from two forms o f B o t h r i o c h l o a i n t e r m e d i a 
(5410 x 5 4 0 0 ) . 3-Eudesraol was i s o l a t e d i n pure form by the use o f a 
s p i n n i n g band d i s t i l l a t i o n , medium p r e s s u r e h i g h pe r fo rmance ch roma to ­
graphy , and h i g h p r e s s u r e h i g h pe r fo rmance chromatography . The 627 
g r a s s o i l ( 5 4 . 4 g ) was d i s t i l l e d u s i n g an annular t e f l o n s p i n n i n g band 
column. The r e f l u x r a t i o was a d j u s t e d t o a p p r o x i m a t e l y 1 0 : 1 . A f t e r 
the d i s t i l l a t i o n , the m a t e r i a l remain ing i n the s t i l l p o t was s u b j e c t e d 
t o a n a l y t i c a l gas chromatography ( C o l I , 1 5 2 ° C ) . Only compounds which 
c o r r e s p o n d e d t o two peaks were p r e s e n t , a sma l l peak w i t h R t - 1 6 . 7 
rain and a l a r g e peak w i t h - 1 9 . 3 min. The s t i l l p o t m a t e r i a l ( 3 . 0 
g) was chromatographed on a s i l i c a g e l 6 0 , s i z e C, p r e - p a c k e d column. 
3-Eudesmol ( 6 - A ) (14 ing) was i s o l a t e d from one o f the c h l o r o f o r m f r a c -
i 
t i o n s . The 3 - e u d e s m o l ( 6 - A ) t h a t was i s o l a t e d needed t o b e p u r i f i e d , 
and t h i s was a c c o m p l i s h e d by chromatograph ing the impure 3 - e u d e s m o l 
( 6 - A ) (14 mg) on a p a r t i s i l , M9 1 0 / 2 5 , p r e - p a c k e d column u s i n g c h l o r o ­
form as the e l u t a n t . A p p r o x i m a t e l y 10 mg o f pure w h i t e c r y s t a l l i n e 3 -
eudesmol ( 6 - A ) was r e c o v e r e d . P u r i t y was de te rmined by a n a l y t i c a l gas 
chromatography ( C o l I , 1 5 2 ° C ) . Mixed i n j e c t i o n s were used t o de te rmine 
t h a t 3 - e u d e s m o l ( 6 - A ) c o r r e s p o n d s t o peak #6-A on b o t h GC t r a c e s #2 and 
#3 (Append ix 1 , p . 74 and 7 5 ) . This compound had the same p h y s i c a l and 
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s p e c t r a l p r o p e r t i e s as 3 - e u d e s m o l ( 6 - A ) . ' 
GC: R t - 1 6 . 7 min ( C o l I , 152°C) and R f c - 5 .5 min ( C o l I , 184°C) 
MP: 69°C l i t . 6 8 - 6 9 ° C 4 3 
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H-NMR (100 MHz, 6 , C D C 1 3 ) : 0 . 7 0 1 ( 3 H , s ) , 1 .604 ( 6 H , s ) , 4 . 4 3 8 ( l H , s ) , 
4 . 7 0 8 ( l H , s ) 
MS: M + = 222 ( 1 0 % ) , 149 (100%) 
A n a l : 81.05% C, 11.95% H ( C a l c d . f o r C 1 c H o , 0 : 81.02% C, 11.79% H) 
I s o l a t i o n o f Acorenone-B ( 7 ) 
Acorenone-B ( 7 ) was i s o l a t e d from t h e s team v o l a t i l e o i l o f the 
h y b r i d 56x627-1 p r e p a r e d from two forms o f B o t h r i o c h l o a i n t e r m e d i a 
(5410 x 5 4 0 0 ) . Acorenone-B was i s o l a t e d i n pure form by the use o f 
medium p r e s s u r e h i g h pe r fo rmance chromatography . The 627 g ras s o i l 
( 3 . 0 g) was chromatographed on a s i l i c a g e l 6 0 , s i z e C, p r e - p a c k e d 
column. Acorenone-B ( 7 ) ( 1 . 2 g ) was i s o l a t e d i n pure form from a 3 :1 
b e n z e n e - c h l o r o f o r m f r s i c t i o n . P u r i t y was de te rmined by a n a l y t i c a l gas 
chromatography ( C o l I,, 1 5 2 ° C ) . Mixed i n j e c t i o n s were used t o de te rmine 
t h a t aco renone -B ( 7 ) c o r r e s p o n d s t o peak #7 on b o t h GC t r a c e s #2 and #3 
(Append ix 1 , p . 74 and 7 5 ) . This compound had the same p h y s i c a l and 
7 8 
s p e c t r a l p r o p e r t i e s as t h a t o f a known sample o f aco renone -B (_7). ' 
GC: R t - 1 9 . 3 min ( C o l I , 152°C) and R t - 6 . 3 min ( C o l I , 184°C) 
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BP: 6 8 ° C / 0 . 0 1 mm 
IR: v f i l m 1670 c m " 1 
max 
"Sl-NMR (60 MHz, 6 , C D C 1 3 ) : 0 . 7 7 (3H,d , J=6 c p s ) , 0 . 8 7 (3H,d , J=6 c p s ) , 
0 . 9 5 (3H,d , J=6 c p s ) , 1.75 ( 3 H , m ) , 2 . 2 ( 2 H , m ) , 
2 . 1 , 2 . 4 , 2 . 6 , 2 . 9 (2H, d o u b l e t o f d o u b l e t s , 
J = 17 c p s ) , 6 . 7 ( lH,m) 
1 3 C-NMR (25 MHz, 6 , C D C 1 3 ) : 1 9 9 . 2 ( C = 0 ) , 1 4 3 . 5 (=C * ) , 1 3 4 . 7 ( = C ( R ) 2 ) , 
4 9 . 2 ( c ( R ) 4 ) , 5 6 . 7 , 4 8 . 1 , 4 5 . 8 , 2 9 . 7 , 2 8 . 9 , 
2 5 . 8 , 2 5 . 1 , 2 4 . 0 , 2 1 . 1 , 1 6 . 9 , 1 5 . 3 
I R : v C C 1 4 3400 , 3 0 7 5 , 2 9 2 5 , 1 6 4 2 , 1450 , 1 3 8 0 , 9 4 0 , 9 2 0 , 890 , 845 c m " 1 max » » » » 
1. 
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MS: M + = 220 ( 8 2 . 8 % ) , 135 (100%) 
A n a l : 81.53% C, 10.96% H ( C a l c d . f o r C 1 5 H 0 : 81.76% C, 10.98% H) 
I s o l a t i o n o f 7-Hydroxycalamenene ( 9 ) 
7-Hydroxycalamenene ( 9 ) was i s o l a t e d from the s team v o l a t i l e o i l 
o f the h y b r i d 56x627-1 p r e p a r e d from two forms o f B o t h r i o c h l o a i n t e r ­
media (5410 x 5 4 0 0 ) . 7-Hydroxycalamenene ( 9 ) was i s o l a t e d i n pure form 
by the use o f medium p r e s s u r e h i g h pe r fo rmance chromatography. The 627 
g ras s o i l ( 3 . 0 g ) was chromatographed on a s i l i c a g e l 6 0 , s i z e C, p r e ­
packed column. 7-Hydroxycalamenene ( 9 ) and a compound c o r r e s p o n d i n g t o 
peak //8 on GC t r a c e #3 (Append ix 1 , p . 75) were i so la ted from a 1:1 
hexane-benzene f r a c t i o n . This mix ture was then s u b j e c t e d t o p r e p a r a ­
t i v e gas chromatography ( C o l I I I , 1 7 0 ° C ) . The compound c o r r e s p o n d i n g 
t o the s e c o n d peak t o appear was c o l l e c t e d . The sample (an o i l ) was 
then s u b j e c t e d to a n a l y t i c a l gas chromatography ( C o l I , 1 8 4 ° C ) . Only 
one peak was p r e s e n t (R - 9 . 8 m i n ) . Mixed i n j e c t i o n s were used t o 
de te rmine t h a t 7 -hydrcxyca lamenene ( 9 ) c o r r e s p o n d s t o peak #9 on GC 
t r a c e #3 (Append ix 1 , p . 7 5 ) . This compound had t h e same p h y s i c a l and 
45 1 
s p e c t r a l p r o p e r t i e s as 7 -hydroxyca lamenene ( 9 ) . S p e c t r a ( H-NMR and 
IR) were k i n d l y s u p p l i e d by Rowe. 
GC: R t - 9 . 8 min ( C o l I , 184°C) 
BP: O i l 
I R : v f l l m 3 3 5 0 , 2 9 5 0 , 1 6 2 0 , 1 5 0 0 , 1 4 6 0 , 1 2 6 0 , 880 c m " 1 max > > > > > > 
"""H-NMR (100 MHz, 6 , C D C 1 3 ) : 0 . 7 5 7 (3H, d o u b l e t , J=6,59 c p s ) , 1 .03 (3H, 
d o u b l e t , J= 7 .0 c p s ) , 1 .22 (3H, d o u b l e t , 
J=7 .0 c p s ) , 2 . 2 0 3 (3H, s i n g l e t ) , 6 ,639 (1H, 
s i n g l e t ) , 6 . 8 8 0 (1H, s i n g l e t ) 
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MS: M + = 218 ( 1 2 % ) , 175 (100%) 
Exac t Mass: 2 1 8 . 1 6 7 0 7 ( - 1 . 4 6 ) (20 ppm) ( C ^ H ^ O ) 
I s o l a t i o n o f 627-A 
Compound 627-A [GC t r a c e s #2 and #3 (Append ix 1 , p . 74 and 7 5 ) ] 
was i s o l a t e d from the s team v o l a t i l e o i l o f the h y b r i d 56x627-1 
p r e p a r e d from two forms o f B o t h r i o c h l o a i n t e r m e d i a (5410 x 5 4 0 0 ) . 
Compound 627-A was i s o l a t e d i n pure form by t h e use o f a s p i n n i n g band 
d i s t i l l a t i o n , medium p r e s s u r e h i g h pe r fo rmance chromatography , and 
p r e p a r a t i v e gas chromatography . The 627 g r a s s o i l ( 5 4 . 4 g ) was 
d i s t i l l e d using an annular te f lon spinning band column. The re f lux 
r a t i o was a d j u s t e d t o a p p r o x i m a t e l y 1 0 : 1 . A f t e r t he d i s t i l l a t i o n , 
f r a c t i o n #11 was s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I , 
1 5 2 ° C ) . Among the compounds p r e s e n t was one w i t h - 7 .3 min. F r a c ­
t i o n #11 ( 1 . 1 5 g ) was chromatographed on a s i l i c a g e l 6 0 , s i z e C, p r e ­
packed column. Compound 627-A was i s o l a t e d i n impure form from the 
1:1 b e n z e n e - c h l o r o f o r m f r a c t i o n . Compound 626-A was then s u b j e c t e d t o 
p r e p a r a t i v e gas chromatography ( C o l I I I , 1 4 8 ° C ) . The compound c o r r e s ­
p o n d i n g t o the f i r s t peak t o appear was c o l l e c t e d . The sample (an o i l ) 
was then s u b j e c t e d to . a n a l y t i c a l gas chromatography ( C o l I , 1 5 2 ° C ) . 
Only one peak was p r e s e n t ( R t - 7 . 3 m i n ) . Mixed i n j e c t i o n s were used 
t o de te rmine t ha t compound 627-A c o r r e s p o n d s t o peak "A" on GC t r a c e #2 
(Append ix 1 , p . 74 ) . 
GC: R t - 7 . 3 min ( C o l I , 152°C) 
BP: O i l 
CC1 
I R : v 3 3 5 0 , 2 9 4 0 , 2 8 6 0 , 1 7 2 5 , 1460 , 1 3 7 6 , 1 1 7 5 , 1050 ( p l a t e V, p . 90) 
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"Hl-NMR (100 MHz, 6 , CI )C1 3 ) : 0 . 8 8 0 ( 2 H , t , J = 6 . 3 5 H z ) , 1 .273 ( 1 0 H , s ) , 
1.562 ( 2 H , s ) , 2 . 0 5 8 ( 2 H , d , J = 6 . 3 5 H z ) , 
2 . 3 2 7 ( 2 H , q , J = 6 . 3 5 H z ) , 3 .643 ( 2 H , t , J = 6 . 3 5 
H z ) , 5 . 2 9 5 - 5 . 6 3 3 (2H,m) ( p l a t e V I , p . 90) 
MS: M + - 18 = 166 ( 4 % ) , 68 (100%) ( p l a t e V I I , p . 90 ) 
Exac t Mass: 1 6 6 . 1 6 9 1 18 ppm ( C 1 2 H 2 2 ) 
I s o l a t i o n o f 627-3 
Compound 627-3 [GC t r a c e s #2 and #3 (Append ix 1, p . 74 and 7 5 ) ] 
was i s o l a t e d from the s team v o l a t i l e o i l o f the h y b r i d 56x627-1 
prepared from two forms o f Bothriochloa intermedia (5410 x 5 4 0 0 ) . 
Compound 6 2 7 - 3 was i s o l a t e d i n pure form by t h e use o f a s p i n n i n g band 
d i s t i l l a t i o n , medium p r e s s u r e h i g h pe r fo rmance chromatography , and p r e ­
p a r a t i v e gas chromatography . The 627 g ras s o i l ( 5 4 . 5 g ) was d i s t i l l e d 
u s i n g an annula r t e f l o n s p i n n i n g band d i s t i l l a t i o n column. The r e f l u x 
r a t i o was a d j u s t e d t o a p p r o x i m a t e l y 1 0 : 1 . A f t e r the d i s t i l l a t i o n , 
f r a c t i o n #11 was s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I , 
1 5 2 ° C ) . Among the compounds p r e s e n t was one w i t h R t - 1 2 . 4 min. 
F r a c t i o n #11 ( 1 . 1 5 g ) was chromatographed on a s i l i c a g e l 6 0 , s i z e C, 
p r e - p a c k e d co lumn. Compound 627-3 was i s o l a t e d i n impure form from the 
3:1 hexane -benzene f r a c t i o n . Compound 6 2 7 - 3 was then s u b j e c t e d t o 
p r e p a r a t i v e gas chromatography ( C o l I I I , 1 4 8 ° C ) . The compound c o r r e s ­
pond ing t o t h e f i r s t peak t o appear was c o l l e c t e d . The sample (an o i l ) 
was then s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I , 1 5 2 ° C ) . 
Only one peak was p r e s e n t (R f c - 1 2 . 4 m i n ) . Mixed i n j e c t i o n s were used 
t o de termine tha t compound 627-3 c o r r e s p o n d e d t o peak #3 on GC t r a c e #2 
(Appendix 1 , p . 7 4 ) . 
41 
GC: R - 1 2 . 4 min ( C o l I , 152°C) and R - 4 . 4 min ( C o l I , 184°C) 
t t 
BP: O i l 
max - 1 ( p l a t e V I I , 
I R : vJJJ 2 9 5 0 , 2 9 2 5 , 2 8 5 0 , 1 7 4 0 , 1 4 6 0 , 1 3 7 5 , 1 1 7 0 , 1 1 1 0 , 975 cm ^
 9 1 ) 
^H-NMR (100 MHz, 6 , C D C 1 3 ) : 0 . 8 2 6 - 0 . 9 6 9 ( m ) , 1 .288 ( s ) , 1 . 3 6 9 - 1 . 5 7 2 ( m ) , 
1 . 9 9 7 - 2 . 1 4 6 ( m ) , 2 . 3 0 8 ( t , J = 7 . 5 7 H z ) , 
4 . 5 1 2 ( d , J = 5 . 3 8 H z ) , 5 . 4 0 2 - 5 . 9 2 5 (m) ( p l a t e I X , 
, P. 92) 
MS: M - 226 ( 3 % ) , 57 (100%) ( p l a t e X , p . 92) 
A n a l : 75.99% C, 12.02% H ( C a l c d . f o r C ^ H gO : 74.29% C, 11.58% H) 
I s o l a t i o n o f 627-?6-B 
Compound 627-6 -B [GC t r a c e s #2 and #3 (Append ix 1 , p . 74 and 7 5 ) ] 
was i s o l a t e d from the s team v o l a t i l e o i l o f the h y b r i d 56x627-1 
p r e p a r e d from two forms o f B o t h r i o c h l o a i n t e r m e d i a (5410 x 5 4 0 0 ) . 
Compound 627-6-B was i s o l a t e d i n pure form by the use o f column chroma­
tography and p r e p a r a t i v e gas chromatography . The 627 g ras s o i l ( 2 . 0 g) 
was chromatographed on s i l i c a g e l 60 ( 2 3 0 - 4 0 0 mesh) ( 1 2 7 . 0 g ) . Only 
compounds which c o r r e s p o n d e d t o peaks #1 (R^ - 10 min) and //6-A and 6-B 
(R f c - 1 6 . 7 min) on GC t r a c e //2 (Append ix 1 , p . 74) were p r e s e n t i n the 
1:1 hexane -benzene f r a c t i o n . This f r a c t i o n was then s u b j e c t e d t o 
p r e p a r a t i v e gas chromatography ( C o l I I I , 1 4 8 ° C ) . The compound c o r r e s ­
p o n d i n g t o the s e c o n d peak t o appear was c o l l e c t e d . The sample ( a w h i t e 
s o l i d ) was then s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I , 1 5 2 ° C ) . 
Only one peak was p r e s e n t (R f c - 1 6 . 7 m i n ) . Mixed i n j e c t i o n s were used 
t o de te rmine t ha t compound 627-6-B c o r r e s p o n d s t o peak //6-B on GC 
t r a c e //2 (Append ix 1 , p» 7 4 ) . 
GC: R t - 1 6 . 7 min ( C o l I , 152°C) 
MP: 68°C 
42 
I R : v5t^m 2 9 4 0 » 2 « 5 0 > 2 8 0 0 » 1 6 8 0 , 1 6 3 0 , 1 4 4 5 , 1 3 6 5 , 880 c m " 1 ^ " ^ l * 1 ' 
"'"H-NMR (100 MHz, 6 , C D C 1 3 ) : 0 . 959 ( d , J = 3 . 4 1 H z ) , 1 .256 ( s ) , 1 . 6 0 2 -
1.715 ( m ) , 2 . 2 5 7 - 2 . 7 3 5 ( m ) , 4 . 8 4 ( d , J = 3 . 4 1 
H z ) , 6 .546 ( t , J = 8 . 1 7 5 H z ) , 8 .977 ( l H , s ) 
. ( p l a t e Z I I , p . 9 3) 
MS: M = 222 ( 2 % ) , 59 (100%) ( p l a t e X I I , p . 94) 
Exac t Mass: 2 2 2 . 1 9 6 2 8 ( 2 . 0 8 ) (20 ppm) ( C 1 5 H 2 6 0 ) 
I s o l a t i o n o f 62 7-8 
Compound 6 2 7 - 8 [GC t r a c e s #2 and #3 (Append ix 1 , p . 74 and 7 5 ) ] 
was i s o l a t e d from t h e s team v o l a t i l e o i l o f the h y b r i d 56x627-1 
prepared from two forms o f B o t h r i o c h l o a i n t e r m e d i a (5410 x 5 4 0 0 ) . 
Compound 6 2 7 - 8 was i s o l a t e d i n pure form b y t he use o f medium p r e s s u r e 
h i g h pe r fo rmance chromatography and p r e p a r a t i v e gas chromatography . 
The 627 g ras s o i l ( 3 . 0 g ) was chromatographed on a s i l i c a g e l 6 0 , s i z e 
C, p r e - p a c k e d column. 7-Hydroxycalamenene ( 9 ) and a compound c o r r e s ­
pond ing t o peak #8 on GC t r a c e #2 (Append ix 1 , p . 74) were i s o l a t e d from 
a 1:1 hexane -benzene f r a c t i o n . This mix tu re was then s u b j e c t e d t o 
p r e p a r a t i v e gas chromatography ( C o l I I I , 1 7 0 ° C ) , The compound c o r r e s ­
pond ing t o the f i r s t peak t o appear was c o l l e c t e d . The sample (an o i l ) 
was then s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I , 1 8 4 ° C ) . 
Only one peak was p r e s e n t (R^ - 6 . 9 m i n ) . Mixed i n j e c t i o n s were used 
t o de te rmine t ha t compound 6 2 7 - 8 c o r r e s p o n d e d t o peak #8 on GC t r a c e s 
#2 and #3 (Append ix 1, p . 74 and 7 5 ) . 
GC: R t - 2 1 . 7 min ( C o l I , 152°C) and R f c - 6 .9 min ( C o l I , 184°C) 
BP: O i l 
IR: v f l l m 2 9 4 5 , 2 8 6 0 , 1 7 1 0 , 1470 , 1 3 8 0 , 1 0 9 0 , 840 , 825 c m " 1 ( p l a t e XIV, 
max F r w \ 
p . 94) 
"""H-NMR (100 MHz, 6 , C D C 1 3 ) : 0 . 7 8 1 ( d , J = 6 . 1 1 H z ) , 0 . 8 9 6 ( d , J = 6 . 5 9 H z ) , 
1 .017 ( d , J = 6 . 5 9 H z ) , 1 . 1 6 0 - 1 . 2 5 6 ( m ) , 
1 .371 ( s ) , 1 .548 ( s ) , 1 . 1 6 0 - 1 . 2 5 6 ( m ) , 
2 . 0 3 8 - 2 . 2 0 0 ( m ) , 3 . 1 9 4 - 3 . 4 3 5 (m) ( p l a t e XV, 
+ P. 95) 
MS: M = 2 3 6 ( 2 % ) , 43 (100%) ( p l a t e X V I , p . 95) 
Exac t Mass: 2 3 6 . 1 6 2 5 2 ( - 6 . 0 2 ) (40 ppm) ( C 1 8 H 2 ( ) ) 
I s o l a t i o n o f 627-10 
Compound 627 -10 [GC t r a c e #3 (Append ix 1 , p . 7 5 ) ] was i s o l a t e d 
from the s team v o l a t i l e o i l o f t h e h y b r i d 56x627-1 p r e p a r e d from two 
forms o f B o t h r i o c h l o a i n t e r m e d i a (5410 x 5 4 0 0 ) . Compound 627-10 was 
i s o l a t e d i n pure form by t h e use o f a s p i n n i n g band d i s t i l l a t i o n , 
medium p r e s s u r e h i g h pe r fo rmance chromatography and p r e p a r a t i v e gas 
chromatography . The 627 g ras s o i l ( 5 4 . 5 g ) was d i s t i l l e d u s i n g an 
annula r t e f l o n s p i n n i n g band column. The r e f l u x r a t i o was a d j u s t e d t o 
a p p r o x i m a t e l y 1 0 : 1 . A f t e r the d i s t i l l a t i o n , 3 g o f the m a t e r i a l 
remain ing i n the s t i l l p o t was chromatographed on a s i l i c a g e l 6 0 , s i z e 
C, p r e - p a c k e d column. Compound 627-10 was i s o l a t e d from one o f t h e 
c h l o r o f o r m f r a c t i o n s . The 627-10 tha t was i s o l a t e d n e e d e d t o b e p u r i ­
f i e d and t h i s was a c c o m p l i s h e d by p r e p a r a t i v e gas chromatography ( C o l 
I V , 2 6 0 ° C ) . The compound c o r r e s p o n d i n g t o t h e t h i r d peak t o appear was 
c o l l e c t e d . The sample (an o i l ) was then s u b j e c t e d t o a n a l y t i c a l gas 
chromatography ( C o l I , 1 8 4 ° C ) . Only one peak was p r e s e n t (R f c - 1 5 . 9 
m i n ) . Mixed i n j e c t i o n s were used t o de te rmine tha t compound 6 2 7 - 1 0 
c o r r e s p o n d s t o peak #10 on GC t r a c e #3 (Append ix 1 , p . 7 5 ) . 
GC: R - 1 5 . 9 min ( C o l I , 184°C) 
BP: O i l 
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IR: v J " 1 U 2 9 5 5 , 2 8 7 0 , 1 7 4 0 , 1 5 9 0 , 1 5 7 5 , 1 4 6 0 , 1 2 8 0 , 1205 , 1 1 5 0 , 1 0 8 0 , 
max 
740 c m " 1 ( p l a t e X V I I , p . 96) 
"Sl-NMR (100 MHz, 6 , C D C 1 3 ) : 0 . 9 3 7 - 1 . 0 2 5 ( m ) , 1 . 5 8 2 - 1 . 7 2 0 ( m ) , 4 . 1 4 4 -
4 . 3 7 2 ( m ) , 4 . 8 3 1 ( s ) , 7 . 5 1 2 - 7 . 6 0 6 ( m ) , 
7 . 7 3 8 - 7 . 8 3 4 (m) ( p l a t e X V I I I , p . 96) 
MS: M + - 17 = 263 ( 9 3 % ) , 149 (100%) ( p l a t e X I X , p . 97) 
A n a l : 64.42% C, 7.26% H ( C a l c d . f o r C 1 5 H 2 ( ) 0 5 : 64.27% C, 7.19% H) 
I s o l a t i o n o f the Steam V o l a t i l e O i l o f B o t h r i o c h l o a i n t e r m e d i a -
"K" S t r a i n 
Procedure I 
B o t h r i o c h l o a i n t e r m e d i a - "K" S t r a i n (350 g) was s team d i s t i l l e d 
i n a 12 l i t e r r o u n d - b o t t o m f l a s k . The s team d i s t i l l a t i o n c o n t i n u e d 
u n t i l t h e r e was no o i l i n t he condensate , . The condensa te was e x t r a c t e d 
w i t h e t h e r . The e t h e r a l s o l u t i o n was d r i e d (MgSO^) and the e t h e r 
removed by a r o t a r y e v a p o r a t o r a t about 30°C t o y i e l d a brown o i l ( 0 . 7 
g ) . The o i l was then s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I , 
1 5 2 ° C ) , GC t r a c e #6 (Append ix 1, p . 7 8 ) . 
P rocedu re I I 
B o t h r i o c h l o a i n t e r m e d i a - "K" S t r a i n ( 2 . 0 Kg) was p l a c e d i n a 
l a r g e S o x h l e t e x t r a c t o r and c o n t i n u o u s l y e x t r a c t e d w i t h 95% e t h a n o l 
(9 I) u n t i l t he s o l v e n t i n the s i p h o n tube was c o l o r l e s s ( f o u r d a y s ) . 
The e t h a n o l was removed b y a r o t a r y e v a p o r a t o r ; t he r e remained a dark green 
gum ( 1 6 2 . 0 g ) . The e t h a n o l e x t r a c t ( 1 6 2 . 0 g ) was s team d i s t i l l e d and 
c o n t i n u o u s l y e x t r a c t e d w i t h e t h e r f o r e i g h t d a y s . The e t h e r a l s o l u t i o n 
was d r i e d (MgSO.) and the e t h e r removed by a r o t a r y e v a p o r a t o r a t about 
i 
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30°C t o y i e l d a brown o i l ( 7 . 9 6 g ) . The o i l was then s u b j e c t e d t o 
a n a l y t i c a l gas chromatography ( C o l I , 1 5 2 ° C ) . The GC t r a c e was 
e x a c t l y the same as GC t r a c e #6 (Append ix 1 , p . 7 8 ) . 
I s o l a t i o n o f the Steam V o l a t i l e O i l o f B o t h r i o c h l o a i n t e r m e d i a -
" I - F " S t r a i n 
B o t h r i o c h l o a i n t e r m e d i a - " I - F " S t r a i n ( 1 . 5 Kg) was p l a c e d i n a 
l a r g e S o x h l e t e x t r a c t o r and c o n t i n u o u s l y e x t r a c t e d w i t h 95% e t h a n o l 
(9 £) u n t i l the s o l v e n t i n the s i p h o n tube was c o l o r l e s s a f t e r f o u r . d a y s . 
The e t h a n o l was removed on a r o t a r y e v a p o r a t o r ; t h e r e remained a dark g reen 
s o l i d ( 2 2 3 . 8 g ) . The e t h a n o l e x t r a c t ( 2 2 3 . 8 g ) was s team d i s t i l l e d and 
c o n t i n u o u s l y e x t r a c t e d w i t h e t h e r f o r about 18 h o u r s . The e t h e r a l 
s o l u t i o n was d r i e d (MgSO^) and the e t h e r removed by a r o t a r y e v a p o r a t o r 
a t about 30°C t o y i e l d a y e l l o w o i l ( 3 . 1 6 g ) „ The o i l was then s u b j e c t e d 
to a n a l y t i c a l gas chromatography ( C o l I , 1 5 2 ° C ) , GC t r a c e #4 (Append ix 
1 , P. 7 6 ) . 
I s o l a t i o n o f the Steam V o l a t i l e O i l o f B o t h r i o c h l o a i n t e r m e d i a -
" I - T " S t r a i n 
B o t h r i o c h l o a i n t e r m e d i a - " I - T " S t r a i n (341 g) was s team 
d i s t i l l e d i n a 12 l i t e r r o u n d - b o t t o m f l a s k . The s team d i s t i l l a t i o n 
c o n t i n u e d u n t i l t h e r e was no o i l i n the c o n d e n s a t e . The condensa t e was 
e x t r a c t e d w i t h e t h e r . The e t h e r a l s o l u t i o n was d r i e d (MgSO^) and t h e 
e t h e r removed by a r o t a r y e v a p o r a t o r a t about 30°C t o y i e l d a y e l l o w 
o i l ( 0 . 7 g ) . The o i l was then s u b j e c t e d to a n a l y t i c a l gas ch roma to ­
graphy ( C o l I , 1 5 2 ° C ) 5 , GC t r a c e #5 (Append ix 1 , p . 7 7 ) . 
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I s o l a t i o n o f the Steam V o l a t i l e O i l o f B o t h r i o c h l o a i n t e r m e d i a -
A c c e s s i o n 5297 
B o t h r i o c h l o a i n t e r m e d i a ( a c c e s s i o n 5297) was chopped and s team 
d i s t i l l e d i n a 12 l i t e r r o u n d - b o t t o m f l a s k . The s team d i s t i l l a t i o n 
c o n t i n u e d u n t i l t h e r e was no o i l i n the c o n d e n s a t e . The condensa te was 
c o n t i n u o u s l y e x t r a c t e d w i t h e t h e r . The e t h e r a l s o l u t i o n was d r i e d 
(MgSO^) and t h e e t h e r removed by d i s t i l l a t i o n a t 40°C w i t h a V i g r e u x 
column t o g i v e 0.1% o i l b a s e d on dry p l a n t . The o i l was then s u b j e c t e d 
t o a n a l y t i c a l gas chromatography ( C o l I , 1 5 2 ° C ) , GC t r a c e #7 (Append ix 1, 
P. 7 9 ) . 
I s o l a t i o n o f the Steam V o l a t i l e O i l o f B o t h r i o c h l o a i n t e r m e d i a -
A c c e s s i o n 5752 
B o t h r i o c h l o a i n t e r m e d i a ( a c c e s s i o n 5 752) was chopped and s team 
d i s t i l l e d i n a 12 l i t e r r o u n d - b o t t o m f l a s k . The s team d i s t i l l a t i o n 
c o n t i n u e d u n t i l t h e r e was no o i l i n t he c o n d e n s a t e . The condensa t e was 
c o n t i n u o u s l y e x t r a c t e d w i t h e t h e r . The e t h e r a l s o l u t i o n was d r i e d 
(MgSO^) and t h e e t h e r removed b y d i s t i l l a t i o n a t 40°C w i t h a V i g r e u x 
column t o g i v e 0.2% o i l b a s e d on dry p l a n t . The o i l was then s u b j e c t e d 
t o a n a l y t i c a l gas chromatography ( C o l I , 1 5 2 ° C ) , GC t r a c e #8 (Append ix 1 , 
p . 8 0 ) . 
I s o l a t i o n o f the Steam V o l a t i l e O i l s o f B o t h r i o c h l o a i n t e r m e d i a -
A c c e s s i o n s ( 8 9 6 7 , 8 9 6 9 , and 8907) 
The dry g r a s s e s were each ground-up i n a Waring b l e n d e r w i t h 
w a t e r . The ground-up g r a s s e s were s team d i s t i l l e d w i t h m e c h a n i c a l 
s t i r r i n g and c o n t i n u o u s l y e x t r a c t e d w i t h e t h e r f o r about f o u r d a y s . 
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The e t h e r a l s o l u t i o n s were d r i e d (MgSO^) and the e t h e r removed by 
d i s t i l l a t i o n a t 40°C wi th a V i g r e u x column t o g i v e about 0„5% o i l b a s e d 
on each dry p l a n t . Each o i l was s u b j e c t e d t o a n a l y t i c a l gas ch roma to ­
graphy ( C o l I , 1 5 2 ° C ) . 
A c c e s s i o n 8967 GC t r a c e #9 (Append ix 1, p . 8 1 ) 
A c c e s s i o n 8969 GC t r a c e #10 (Append ix 1 , p . 8 2 ) 
A c c e s s i o n 8907 GC t r a c e #11 (Append ix 1 , p . 8 3 ) 
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CHAPTER IV 
DISCUSSION OF RESULTS 
As s t a t e d i n t h e I n t r o d u c t i o n , the pu rpose o f t h i s r e s e a r c h was 
t h r e e f o l d . F i r s t , s e v e r a l s e c o n d a r y p l a n t m e t a b o l i t e s were i d e n t i f i e d 
i n the hexane f r a c t i o n o f Pe l tophorum ine rme . S i n c e Pe l tophorum inerme 
showed con f i rmed p r e l i m i n a r y a n t i - t u m o r a c t i v i t y , e x t r a c t s were s e n t t o 
the N a t i o n a l I n s t i t u t e o f Hea l th f o r f u r t h e r t e s t i n g . S e c o n d , s e v e r a l 
s e c o n d a r y p l a n t m e t a b o l i t e s i n the s team v o l a t i l e o i l o f the h y b r i d 
56x627-1 p r e p a r e d from two forms o f B o t h r i o c h l o a i n t e r m e d i a (5410 x 5400) 
were i d e n t i f i e d . T h i r d , a gas c h r o m a t o g r a p h i c s tudy was made o f some 
a c c e s s i o n s , h y b r i d s , and s t r a i n s o f B o t h r i o c h l o a i n t e r m e d i a as an a i d 
i n d e t e r m i n i n g p a l a t a b i l i t y t o c a t t l e and t axonomic i d e n t i f i c a t i o n . 
E x t r a c t i o n o f Pe l tophorum inerme and the I s o l a t i o n o f 
S e v e r a l Long S t r a i g h t - C h a i n Hydrocarbons 
E x t r a c t s o f Pe l tophorum inerme were s c r e e n e d b y t h e N a t i o n a l 
I n s t i t u t e o f Hea l th f o r a n t i - t u m o r a c t i v i t y . A c t i v i t y was found i n KB-
C e l l C u l t u r e . Our i n t e r e s t was i n c o n c e n t r a t i n g t h e KB a c t i v i t y b y 
s u c c e s s i v e l y e x t r a c t i n g the p l a n t w i t h v a r i o u s s o l v e n t s and s e n d i n g the 
e x t r a c t s t o t he N a t i o n a l I n s t i t u t e o f Hea l th f o r t e s t i n g . A f t e r t h e 
a n t i - t u m o r a c t i v i t y was c o n c e n t r a t e d i n a p a r t i c u l a r e x t r a c t , then the 
compound r e s p o n s i b l e f o r t h i s a n t i - t u m o r a c t i v i t y c o u l d b e i s o l a t e d and 
i d e n t i f i e d . I t tu rned o u t t ha t even though the p l a n t showed p r e l i m i n a r y 
a n t i - t u m o r a c t i v i t y , t h e v a r i o u s e x t r a c t s o f t h e p l a n t showed v e r y 
l i t t l e o r no a n t i - t u m o r a c t i v i t y . 
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The p l a n t m a t e r i a l was c o l l e c t e d i n Puer to R i c o by the U . S . 
Department o f A g r i c u l t u r e i n A p r i l , 1969 . The l e a v e s ( 2 . 3 7 Kg) were 
s e p a r a t e d from t h e stems and ground i n a Waring b l e n d e r c o n t a i n i n g 
hexane . The e x t r a c t i o n p r o c e d u r e i s t ha t shown on Chart 1 , p . 2 0 • 
The ground-up l e a v e s were p l a c e d i n a l a r g e S o x h l e t e x t r a c t o r 
and c o n t i n u o u s l y e x t r a c t e d w i t h about n i n e l i t e r s o f hexane u n t i l the 
hexane i n t h e s i p h o n tube was c o l o r l e s s . The hexane e x t r a c t i o n p r o c e ­
dure t o o k f i v e d a y s . Removal o f the hexane from the hexane s o l u t i o n 
p r o d u c e d 34 .22 g o f hexane s o l u b l e e x t r a c t . 
The p l a n t m a t e r i a l r emain ing i n the S o x h l e t e x t r a c t o r a f t e r t he 
hexane e x t r a c t i o n was e x t r a c t e d w i t h about n i n e l i t e r s o f 95% e t h a n o l 
u n t i l the e t h a n o l i n the s i p h o n tube was c o l o r l e s s . The e t h a n o l 
e x t r a c t i o n p r o c e d u r e t o o k f i v e d a y s . Removal o f t h e e t h a n o l from the 
e t h a n o l s o l u t i o n p r o d u c e d 2 1 2 . 9 6 g o f e t h a n o l s o l u b l e e x t r a c t . 
The e t h a n o l s o l u b l e e x t r a c t was p a r t i t i o n e d be tween c h l o r o f o r m 
and w a t e r ( 1 : 1 ) i n a l a r g e c h l o r o f o r m e x t r a c t o r . The e x t r a c t i o n was 
c o n t i n u e d u n t i l the f r e sh c h l o r o f o r m e x t r a c t was c o l o r l e s s . The c h l o r o ­
form and w a t e r ( 1 : 1 ) p a r t i t i o n i n g t o o k f o u r d a y s . ; Removal o f the 
c h l o r o f o r m from the c h l o r o f o r m s o l u t i o n p r o d u c e d 6 1 . 2 3 g o f c h l o r o f o r m 
s o l u b l e e x t r a c t . Removal o f t h e w a t e r from t h e w a t e r s o l u t i o n p r o d u c e d 
92 .19 g o f w a t e r s o l u b l e e x t r a c t . Samples o f t h e hexane s o l u b l e 
e x t r a c t , e t h a n o l s o l u b l e e x t r a c t , c h l o r o f o r m s o l u b l e e x t r a c t , and w a t e r 
s o l u b l e e x t r a c t were s e n t t o t h e N a t i o n a l I n s t i t u t e o f Hea l th f o r 
t e s t i n g . Very l i t t l e o r no a n t i - t u m o r a c t i v i t y was found i n each 
e x t r a c t ( s e e Table 2 ) . 
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The hexane e x t r a c t was s u b j e c t e d t o a n a l y t i c a l gas chromato­
graphy ( C o l I I , 2 7 2 ° C ) , GC t r a c e #1 (Append ix 1 , p . 7 3 ) . From t h i s GC 
t r a c e i t can b e seen t h a t t h e r e are e l e v e n major compounds p r e s e n t . 
Column chromatography o f t h e hexane e x t r a c t on alumina - a c t i v i t y I , I I , 
I I I , I V , and s i l i c a g e l r e s u l t e d i n some s e p a r a t i o n ; h o w e v e r , a pure 
compound c o u l d n e v e r be i s o l a t e d i n t h i s manner. The i s o l a t i o n o f f o u r 
o f the compounds i n the hexane e x t r a c t was a c c o m p l i s h e d by p r e p a r a t i v e 
gas chromatography. Four o t h e r compounds i n the hexane e x t r a c t were 
i d e n t i f i e d by mixed i n j e c t i o n s o f known compounds w i t h the hexane 
e x t r a c t . The hexane e x t r a c t was washed w i t h d i e t h y l e t h e r t o g i v e a 
w h i t e waxy s o l i d . This w h i t e waxy s o l i d had the same GC t r a c e as tha t 
o f the green hexane e x t r a c t . P r e p a r a t i v e gas chromatography was 
c o n d u c t e d on t h i s w h i t e waxy s o l i d i n s t e a d o f t he green hexane e x t r a c t , 
which was a gum, b e c a u s e i t was f e l t i t wou ld do l e s s damage to the 
p rep column. 
The e t h e r i n s o l u b l e w h i t e s o l i d was s u b j e c t e d t o p r e p a r a t i v e gas 
chromatography ( C o l I I I , 2 7 8 ° C ) . The compound c o r r e s p o n d i n g t o the 
f i r s t peak t o appear was c o l l e c t e d . This sample was tihen s u b j e c t e d t o 
a n a l y t i c a l gas chromatography ( C o l I I , 2 7 2 ° C ) . Only one peak was 
p r e s e n t , R f c - 2 . 4 min. This peak c o r r e s p o n d s t o the peak l a b e l e d n -
^27^56 * n ^ t r a c e ^ (Append ix 1, p . 73) which was p r o v e n by mixed 
i n j e c t i o n s . The IR and """H-NMR o f t h i s compound, which had a m e l t i n g 
p o i n t o f 5 8 - 6 0 ° C , i n d i c a t e d i t was a h y d r o c a r b o n ; h o w e v e r , the s t r u c ­
t u r e was de te rmined from i t s mass spec t rum (Appendix 2 , p . 85 ) which 
showed a M + = 380 ( 2 % ) , and had a p a t t e r n c h a r a c t e r i s t i c f o r s t r a i g h t 
cha in h y d r o c a r b o n s , i . e . the g radua l i n c r e a s e from ( M - 1 5 ) + t o m/e 5 7 i n 
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abundance o f C ^ ^ n + l ^ r a S m e n t s » The compound was thus i d e n t i f i e d as 
35 36 
n - h e p t a c o s a n e fa-^ 7 * * 5 5 ) w n o s e m e l t i n g p o i n t was r e p o r t e d as 5 9 . 1 ° C . ' 
The compound c o r r e s p o n d i n g t o the f o u r t h peak t o appear was 
c o l l e c t e d when the e t h e r i n s o l u b l e w h i t e s o l i d was s u b j e c t e d to p r e p a r a ­
t i v e gas chromatography ( C o l I I I , 2 7 8 ° C ) . This sample was then s u b ­
j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I I , 2 7 2 ° C ) . Only one peak 
was p r e s e n t , - 4 . 1 min. This peak c o r r e s p o n d s t o the peak l a b e l e d 
n-C2^H^Q i n GC t r a c e #1 (Append ix 1 , p . 73) which was p r o v e n by mixed 
i n j e c t i o n s . The IR a i d ^H-NMR o f t h i s compound, which had a m e l t i n g 
p o i n t o f 6 2 - 6 4 ° C , i n d i c a t e d i t was a h y d r o c a r b o n ; h o w e v e r , the s t r u c t u r e 
was de te rmined from i t s mass s p e c t r u m , (Append ix 2 , p . 86) which showed 
a M + = 408 ( 1 % ) , and had a p a t t e r n c h a r a c t e r i s t i c f o r s t r a i g h t cha in 
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h y d r o c a r b o n s . The compound was thus i d e n t i f i e d as n -nonacosane ( n -
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C*29^60^ whose m e l t i n g p o i n t was r e p o r t e d as 6 3 . 7 ° C . ' 
The compound c o r r e s p o n d i n g t o t h e s i x t h peak t o appear was 
c o l l e c t e d w i t h the e t h e r i n s o l u b l e w h i t e s o l i d was s u b j e c t e d t o p r e p a r a ­
t i v e gas chromatography ( C o l I I I , 2 7 8 ° C ) . This sample was then s u b ­
j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I I , 2 7 2 ° C ) . Only one peak 
was p r e s e n t , R t - 7 .0 min. This peak c o r r e s p o n d s t o the peak l a b e l e d 
n
"C'31^64 i n GC t r a c e #1 (Append ix 1 , p . 73) which was p roven by mixed 
i n j e c t i o n s . The IR and "^ H-NMR o f t h i s compound, which had a m e l t i n g 
p o i n t o f 6 8 ° C , i n d i c a t e d i t was a h y d r o c a r b o n ; h o w e v e r , the s t r u c t u r e 
was de te rmined from i t s mass spec t rum (Append ix 2 , p . 87) which showed 
M + = 436 (2%) , and had a p a t t e r n c h a r a c t e r i s t i c f o r s t r a i g h t cha in 
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h y d r o c a r b o n s . The compound was thus i d e n t i f i e d as n - h e n t r i a c o n t a n e 
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( n - C ^ H ^ ) whose r e p o r t e d m e l t i n g p o i n t was 6 7 . 9 ° C . ' 
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The compound c o r r e s p o n d i n g t o t h e e i g h t h peak t o appea r was 
c o l l e c t e d when the e t h e r i n s o l u b l e w h i t e s o l i d was s u b j e c t e d t o p r e p a ­
r a t i v e gas chromatography ( C o l I I I , 2 7 8 ° C ) . This sample was s u b j e c t e d 
t o a n a l y t i c a l gas chromatography ( C o l I I , 2 7 2 ° C ) . Only one peak was 
p r e s e n t , R f c - 1 2 . 0 min. This peak c o r r e s p o n d s t o the peak l a b e l e d n -
^ 3 3 H 6 8 ' " 1 ^ t r a c e ^ (Append ix 1, p . 73) which was p roven b y mixed 
i n j e c t i o n s . The IR and """H-NMR o f t h i s compound, which had a m e l t i n g 
p o i n t o f 71 ° C , i n d i c a t e d i t was a h y d r o c a r b o n ; h o w e v e r , t h e s t r u c t u r e 
was de te rmined from i t s mass spec t rum (Append ix 2 , p . 88) which showed 
M + = 464 (7%) and had a p a t t e r n c h a r a c t e r i s t i c f o r s t r a i g h t cha in h y d r o -
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c a r b o n s . The compound was thus i d e n t i f i e d as n - t r i t r i a c o n t a n e ( n -
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C 3 3 H 6 8 ^ w ^ o s e m e l t i n g p o i n t was r e p o r t e d as 72°C . 
Four o t h e r s t r a i g h t cha in h y d r o c a r b o n s were found i n t he hexane 
e x t r a c t b y mixed i n j e c t i o n s o f t he e x t r a c t w i t h known samples o f n -
o c t a c o s a n e ( n ~ c 2 8 H 5 8 ^ s R t ~ 3 , 1 m i n ' n ~ t r i a c o n t a n e ^ n ~ C 3 0 H 6 2 ^ ' R t ~ 5 , 4 
min; n - d o t r i a c o n t a n e ( n - C _ 0 H , , ) , R 9 . 4 min; and n - t e t r a t r i a c o n t a n e 
j Z D O t 
( n - C 3 ^ H 7 Q ) , R t - 1 6 . 0 min ( C o l I I , 2 7 2 ° C ) . The a n a l y s i s o f t he hexane 
e x t r a c t i s summarized i n GC t r a c e #1 (Append ix 1, p . 7 3 ) . 
Alkanes a re v e r y w i d e l y d i s t r i b u t e d i n b o t h t h e p l a n t and animal 
k ingdoms . In p l a n t s t hey are most abundant i n t he c u t i c l e waxes which 
2 
a c t as p r o t e c t i v e c o a t i n g s on l e a v e s and s t e m s . The a lkanes i n p l a n t s 
are formed by t h e d e c a r b o x y l a t i o n o f the c o r r e s p o n d i n g l o n g - c h a i n 
f a t t y a c i d s . S i n c e t he even-ca rbon-numbered c a r b o x y l i c a c i d s are 
p r o d u c e d i n l a r g e r amounts than the odd-ca rbon-numbered c a r b o x y l i c 
a c i d s , i t can be seen why the odd-ca rbon-numbered a lkanes a re p r o d u c e d 
3 
i n g r e a t e r amounts than t h e even-ca rbon-numbered a l k a n e s . 
53 
E x t r a c t i o n o f B o t h r i o c h l o a i n t e r m e d i a "K" and " I - F " S t r a i n s 
The p u r p o s e f o r e x t r a c t i n g B o t h r i o c h l o a i n t e r m e d i a w i t h v a r i o u s 
s o l v e n t s and s e n d i n g the e x t r a c t s t o the N a t i o n a l I n s t i t u t e o f Hea l th 
f o r t e s t i n g was t o de te rmine whe the r o r n o t t h i s p a r t i c u l a r s t r a i n 
p o s s e s s e d a n t i - t u m o r a c t i v i t y . I t t u rned o u t tha t the me thano l -wa te r 
( 9 : 1 ) e x t r a c t o f "K" s t r a i n d i d p o s s e s s a n t i - t u m o r a c t i v i t y . The 
e x t r a c t i o n p r o c e d u r e i s t h a t shown on Chart 2 , p . 3 0 . 
B o t h r i o c h l o a i n t e r m e d i a "K" and " I - F " s t r a i n s were grown b y t h e 
Agronomy Department a t Oklahoma S t a t e U n i v e r s i t y e i t h e r a t S t i l l w a t e r , 
Oklahoma, o r For t Reno , Oklahoma, i n 1 9 7 6 . The g r a s s e s were h a r v e s t e d , 
d r i e d , b a l e d , and s h i p p e d i n b u r l a p b a g s . The e x t r a c t i o n p r o c e d u r e 
began w i t h g r i n d i n g up the g r a s s , "K" s t r a i n , ( 2 . 0 Kg) i n a Waring 
b l e n d e r u s i n g 95% e t h a n o l as a s o l v e n t . The ground-up g rass was then 
p l a c e d i n a l a r g e S o x h l e t e x t r a c t o r and c o n t i n u o u s l y e x t r a c t e d w i t h 
about n i n e l i t e r s o f 95% e t h a n o l u n t i l t he e t h a n o l i n the s i p h o n tube 
was c o l o r l e s s . The e t h a n o l e x t r a c t i o n p r o c e d u r e t o o k f o u r d a y s . 
Removal o f t h e e t h a n o l from t h e e t h a n o l s o l u t i o n p r o d u c e d 1 6 2 . 0 g o f 
e t h a n o l s o l u b l e e x t r a c t . 
The e t h a n o l s o l u b l e e x t r a c t was e x t r a c t e d w i t h c h l o r o f o r m and 
w a t e r by p a r t i t i o n i n g i t be tween c h l o r o f o r m and w a t e r ( 1 : 1 ) i n a l a r g e 
c h l o r o f o r m e x t r a c t o r . The e x t r a c t i o n was c o n t i n u e d u n t i l t h e c h l o r o ­
form l a y e r was c o l o r l e s s . The c h l o r o f o r m and w a t e r ( 1 : 1 ) p a r t i t i o n i n g 
t o o k f o u r d a y s . Removal o f t h e c h l o r o f o r m from the c h l o r o f o r m s o l u t i o n 
p r o d u c e d 3 6 . 2 g o f c h l o r o f o r m s o l u b l e e x t r a c t . Removal o f the w a t e r 
from the w a t e r s o l u t i o n p r o d u c e d 80 .4 g o f w a t e r s o l u b l e e x t r a c t . 
The w a t e r s o l u b l e e x t r a c t was e x t r a c t e d w i t h hexane and methano l -
w a t e r ( 9 : 1 ) by p a r t i t i o n i n g i t be tween hexane and me thano l -wa te r ( 1 : 1 ) 
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i n a l a r g e e r l e n m e y e r f l a s k and s t i r r i n g o v e r n i g h t . Removal o f t h e 
hexane from the hexane s o l u t i o n p r o d u c e d 1 7 , 1 g o f hexane s o l u b l e 
e x t r a c t . Removal o f t h e me thano l -wa te r f rom the me thano l -wa te r s o l u ­
t i o n p r o d u c e d 1 4 , 1 g o f me thano l -wa te r s o l u b l e e x t r a c t . Samples o f t he 
e t h a n o l s o l u b l e e x t r a c t , c h l o r o f o r m s o l u b l e e x t r a c t , hexane s o l u b l e 
e x t r a c t , and me thano l -wa te r ( 9 : 1 ) s o l u b l e e x t r a c t were s e n t t o the 
N a t i o n a l I n s t i t u t e o f Hea l th f o r t e s t i n g . Only t h e me thano l -wa te r ( 9 : 1 ) 
s o l u b l e e x t r a c t showed a n t i - t u m o r a c t i v i t y . See Chart 2 , p . 30 f o r an 
o u t l i n e o f the above p r o c e d u r e , 
B o t h r i o c h l o a i n t e r m e d i a - " I - F " s t r a i n ( 1 , 5 4 Kg) was ground up 
i n a Waring b l e n d e r ussing 95% e t h a n o l as a s o l v e n t . The ground-up 
g ras s was then p l a c e d i n a l a r g e S o x h l e t e x t r a c t o r and c o n t i n u o u s l y 
e x t r a c t e d w i t h about n i n e l i t e r s o f 95% e t h a n o l u n t i l t he e t h a n o l i n the 
s iphon tube was c o l o r l e s s . The e t h a n o l e x t r a c t i o n p r o c e d u r e t o o k f o u r 
d a y s . Removal o f t h e e t h a n o l from t h e e t h a n o l s o l u t i o n p r o d u c e d 2 2 3 , 8 g 
o f e t h a n o l s o l u b l e e x t r a c t , A sample o f t h e e t h a n o l s o l u b l e e x t r a c t 
was s en t t o t h e N a t i o n a l I n s t i t u t e o f Hea l th f o r t e s t i n g . This e x t r a c t 
d i d n o t e x h i b i t any a n t i - t u m o r a c t i v i t y . 
I s o l a t i o n and I d e n t i f i c a t i o n o f Kessane ( 1 ) , E lemol ( 2 ) . 
B-Eudesmol ( 6 - A ) , Acorenone-B ( 7 ) , and 7-Hydroxycalamenene ( 9 ) 
from 627 Grass O i l 
U n t i l t h i s work,, o n l y one compound, aco renone -B ( 7 ) , ^ was known 
t o b e p r e s e n t i n the s team v o l a t i l e o i l o f the h y b r i d 5 6 x 6 2 7 - 1 p r e p a r e d 
from two forms o f B o t h r i o c h l o a i n t e r m e d i a (5410 x 5 4 0 0 ) . This o i l w i l l 
b e r e f e r r e d t o s i m p l y as 627 g r a s s o i l . 
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Kessane (1) was i s o l a t e d by u s i n g medium p r e s s u r e h i g h pe r fo rmance 
chromatography. The chromatography was c a r r i e d out on a s i l i c a g e l 6 0 , 
s i z e C, p r e - p a c k e d column. From 3 ,0 g o f 627 g ra s s o i l 0 , 5 6 g o f pure 
kessane ( 1 ) was o b t a i n e d from a ( 1 : 1 ) hexane -benzene f r a c t i o n . Th i s 
sample was s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I , 1 5 2 ° C ) , 
Only one peak was p r e s e n t w i t h a r e t e n t i o n t ime o f 1 0 , 0 min. Mixed 
i n j e c t i o n s were used t o de te rmine t h a t k e s s a n e ( 1 ) c o r r e s p o n d s t o peak 
#1 i n b o t h GC t r a c e s #2 and #3 (Append ix 1 , p . 74 and 7 5 ) . That t h i s 
o i l was kessane ( 1 ) was de te rmined by comparing i t s s p e c t r a l p r o p e r t i e s 
w i t h the s p e c t r a o b t a i n e d from kessane ( 1 ) which were k i n d l y s u p p l i e d 
by Y o s h i k o s h i . 3 9 * 4 0 Both the I R T s and "hl-NMR's were c o m p l e t e l y i d e n t i c a l . 
13 
A new p i e c e o f da ta ( C-NMR) was o b t a i n e d on ke s sane which i s i n t h e 
e x p e r i m e n t a l s e c t i o n o f t h i s d i s s e r t a t i o n , p . 34 . 
Elemol ( 2 ) was i s o l a t e d by u s i n g a c o m b i n a t i o n o f column chroma­
tography and p r e p a r a t i v e gas chromatography . The chromatography was 
c a r r i e d o u t on 12 7 .0 g o f s i l i c a g e l 60 ( 2 3 0 - 4 0 0 m e s h ) . From 2 . 0 g o f 
627 g ra s s o i l a mix ture was o b t a i n e d from t h e benzene f r a c t i o n which 
c o n s i s t e d o f compounds c o r r e s p o n d i n g t o peaks #2 and #6-A and 6-B on GC 
t r a c e #2 (Append ix 1 , p . 7 4 ) . This mix ture was then s u b j e c t e d t o p r e p a r ­
a t i v e gas chromatography ( C o l I I I , 1 4 8 ° C ) . A w h i t e s o l i d w i t h a 
m e l t i n g p o i n t o f 5 2 - 5 3 ° C was o b t a i n e d when t h e compound c o r r e s p o n d i n g 
t o the f i r s t peak t o appear was c o l l e c t e d . Th is sample was s u b j e c t e d 
t o a n a l y t i c a l gas chromatography ( C o l I , 1 5 2 ° C ) . Only one peak was 
p r e s e n t w i t h a r e t e n t i o n t ime o f 1 0 . 6 min. Mixed i n j e c t i o n s were used 
to de te rmine t ha t e l e m o l ( 2 ) c o r r e s p o n d s t o peak #2 on b o t h GC t r a c e s 
#2 and #3 (Append ix 1 , p . 74 and 7 5 ) . That t h i s s o l i d was e l e m o l ( 2 ) 41 
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was de te rmined by comparing i t s s p e c t r a l p r o p e r t i e s w i t h t h e l i t e r a t u r e ' s 
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s p e c t r a l p r o p e r t i e s o f e l e m o l ( 2 ) . ' Both the IR s and H-NMRTs 
were c o m p l e t e l y i d e n t i c a l . 
3 -Eudesmol (6--A) was i s o l a t e d by c a r r y i n g o u t a s p i n n i n g band 
d i s t i l l a t i o n on 627 g ra s s o i l , ch romatograph ing 3 ,0 g o f t he m a t e r i a l 
remain ing i n the s t i l l p o t by t he use o f medium p r e s s u r e h i g h p e r f o r ­
mance equ ipmen t , and p u r i f y i n g one o f t he f r a c t i o n s by u s i n g h i g h 
p r e s s u r e h i g h pe r fo rmance chromatography . An annular t e f l o n s p i n n i n g 
band column was used t o d i s t i l l 5 4 . 4 g o f 627 g ra s s o i l . A s i l i c a g e l 
6 0 , s i z e C, p r e - p a c k e d column was used t o chromatograph 3 .0 g o f t h e 
m a t e r i a l remain ing i n the s t i l l p o t . From one o f t h e c h l o r o f o r m f r a c ­
t i o n s , 14 mg o f a p p r o x i m a t e l y 95% pure 3 - e u d e s m o l ( 6 - A ) was i s o l a t e d . 
Fur ther p u r i f i c a t i o n was a c c o m p l i s h e d b y chromatographing t h e 3 - e u d e s m o l 
on a p a r t i s i l , M9, 1 0 / 2 5 , p r e - p a c k e d column u s i n g c h l o r o f o r m as the 
e l u t e n t . In t h i s manner 10 mg o f pure w h i t e 3 - e u d e s m o l ( 6 - A ) w i t h a 
m e l t i n g p o i n t o f 69°C was o b t a i n e d . Th is m a t e r i a l had a r e t e n t i o n t ime 
o f 1 6 . 7 min when s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I , 
1 5 2 ° C ) . Mixed i n j e c t i o n s were used t o de te rmine t h a t 3 - e u d e s m o l ( 6 - A ) 
c o r r e s p o n d e d t o peak #6-A on b o t h GC t r a c e s #2 and #3 (Append ix 1 , 
p . 74 and 7 5 ) . That t h i s s o l i d was 3 - e u d e s m o l ( 6 - A ) was de te rmined by 
compar ing i t s s p e c t r a l p r o p e r t i e s w i t h the s p e c t r a from a known sample 
o f 3 - eudesmol ( 6 - A ) which was k i n d l y s u p p l i e d by P i n d e r . Both t h e I R ' s 
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and H-NMR s were c o m p l e t e l y i d e n t i c a l . ' 
Acorenone-B ( 7 ) was i s o l a t e d and i t s s t r u c t u r e de te rmined by 
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Zalkow and McClure . ' During t h e c o u r s e o f t h i s work i t was i s o l a t e d 
by t he use o f medium p r e s s u r e h i g h pe r fo rmance chromatography . The 
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chromatography was c a r r i e d ou t on a s i l i c a g e l 6 0 , s i z e C, p r e - p a c k e d 
column. From 3 .0 g o f 62 7 g r a s s o i l , 1 .2 g o f aco renone -B ( 7 ) was 
o b t a i n e d from a ( 3 : 1 ) b e n z e n e - c h l o r o f o r m f r a c t i o n . This sample was 
s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I , 1 5 2 ° C ) . Only one 
peak was p r e s e n t w i t h a r e t e n t i o n t ime o f 1 9 . 3 min. Mixed i n j e c t i o n s 
were used t o de te rmine tha t aco renone -B (_7) c o r r e s p o n d s t o peak #7 on 
b o t h GC t r a c e s #2 and #3 (Append ix 1 , p . 74 and 7 5 ) . That t h i s o i l was 
aco renone -B ( 7 ) was de te rmined by compar ing i t s s p e c t r a l da ta w i t h the 
s p e c t r a o b t a i n e d from a known sample o f a co renone -B ( 7 ) . Both t he IR*s 
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and H-NMR fs were c o m p l e t e l y i d e n t i c a l . A new p i e c e o f data ( C-NMR) 
was o b t a i n e d on aco renone -B which i s i n the e x p e r i m e n t a l s e c t i o n o f 
t h i s d i s s e r t a t i o n , p . 37 . 
7-Hydroxycalamenene (SO was i s o l a t e d by a c o m b i n a t i o n o f medium 
p r e s s u r e h igh pe r fo rmance chromatography and p r e p a r a t i v e gas ch romato ­
graphy . The chromatography was c a r r i e d o u t on a s i l i c a g e l 6 0 , s i z e C, 
p r e - p a c k e d column. From 3 . 0 g o f 62 7 g ra s s o i l , and o i l was o b t a i n e d 
from a ( 1 : 1 ) hexane -benzene f r a c t i o n , which when s u b j e c t e d to a n a l y t i c a l 
gas chromatography ( C o l I , 184°C) showed two p e a k s . When t h i s o i l was 
s u b j e c t e d t o p r e p a r a t i v e gas chromatography ( C o l I I I , 1 7 0 ° C ) , and the 
compound c o r r e s p o n d i n g t o t he s e c o n d peak t o appear was c o l l e c t e d , a 
pure o i l was o b t a i n e d as shown by a n a l y t i c a l gas chromatography ( C o l I , 
1 8 4 ° C ) . This o i l had a r e t e n t i o n t ime o f 9 . 8 min. Mixed i n j e c t i o n s 
were used to de te rmine t h a t 7-hydroxyca lamenene ( 9 ) c o r r e s p o n d e d t o 
peak #9 on GC t r a c e #3 (Append ix 1 , p . 7 5 ) . That t h i s o i l was 
7-hydroxycalamenene (9jl was de te rmined by compar ing i t s s p e c t r a l 
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p r o p e r t i e s w i t h t h e s ipect ra o b t a i n e d from 7-hydroxycalamene (_9) which 
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were k i n d l y s u p p l i e d b y Rowe. 
I s o l a t i o n o f F ive Compounds Which Were Not 
I d e n t i f i e d From 627 Grass O i l 
Along w i t h the f i v e compounds which were i s o l a t e d and i d e n t i f i e d 
from 627 grass o i l were f i v e o t h e r compounds which were i s o l a t e d ; 
h o w e v e r , t h e i r s t r u c t u r e s have n o t been de t e rmined . The r eason t h e s t r u c ­
t u r e s were n o t de te rmined i s due t o the f a c t t ha t they were a l l i s o ­
l a t e d i n pure form by p r e p a r a t i v e gas chromatography i n amounts o f 
be tween 5 and 10 mg. This s m a l l amount o f m a t e r i a l was enough t o 
o b t a i n an IR , "Hi-NMR (100 MHz), mass s p e c t r u m , and an e x a c t mass o r 
a n a l y s i s , bu t n o t enough t o o b t a i n a c r y s t a l f o r x - r a y a n a l y s i s . What 
f o l l o w s w i l l be a d i s c u s s i o n o f the i s o l a t i o n p r o c e d u r e s and any 
s t r u c t u r a l f e a t u r e s e v i d e n t f rom the da ta tha t has been c o l l e c t e d . 
These f i v e compounds are c a l l e d 6 2 7 - A , 6 2 7 - 3 , 6 2 7 - 6 - B , 6 2 7 - 8 , 6 2 7 - 1 0 , 
and are l a b e l e d A, 3 , 6 -B , 8, and 10 r e s p e c t i v e l y , on GC t r a c e s #2 and 
#3 (Append ix 1, p . 74 and 7 5 ) . A l l s p e c t r a f o r t h e s e compounds are i n 
Appendix 3 , p . 89. 
Compound 627-A was i s o l a t e d by c a r r y i n g ou t a s p i n n i n g band 
d i s t i l l a t i o n on 627 g ras s o i l , ch romatography ing one o f the f r a c t i o n s 
by the use o f medium p r e s s u r e h i g h pe r fo rmance equ ipment , and s u b j e c t i n g 
one o f the f r a c t i o n s t o p r e p a r a t i v e gas chromatography. An annular 
t e f l o n s p i n n i n g band column was used t o d i s t i l l 5 4 . 4 g o f 627 g ra s s 
o i l . A s i l i c a g e l 6 0 , s i z e C, p r e - p a c k e d column was used to ch romato -
graph 1.15 g o f a f r a c t i o n which c o n t a i n e d among o t h e r compounds one 
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which had a r e t e n t i o n time o f 7 .3 min when s u b j e c t e d to a n a l y t i c a l gas 
chromatography ( C o l I , 1 5 2 ° C ) . From the ( 1 : 1 ) b e n z e n e - c h l o r o f o r m 
f r a c t i o n an o i l was o b t a i n e d which was r i c h i n compound 627-A. The o i l 
was then s u b j e c t e d t o p r e p a r a t i v e gas chromatography ( C o l I I I , 1 4 8 ° C ) . 
The compound c o r r e s p o n d i n g t o the f i r s t peak t o appear was c o l l e c t e d . 
When t h i s compound was s u b j e c t e d t o a n a l y t i c a l gas chromatography 
( C o l I , 152°C) o n l y one peak was p r e s e n t (R f c - 7 .3 m i n ) . Mixed i n j e c ­
t i o n s were used t o de te rmine tha t t h i s o i l was the compound r e s p o n s i b l e 
f o r t he peak l a b e l e d (A) i n GC t r a c e #1 (Append ix 1 , p . 7 4 ) . The I R , 
''"H-NMR (100 MHz), and mass s p e c t r a o f t h i s compound a re shown i n 
Appendix 3 , p . 89. The e x a c t mass was 1 6 6 . 1 6 9 1 from which a m o l e c u l a r 
formula o f C^J^22 W a S c a - * c u - ' - a t e ^ » h o w e v e r , s i n c e the IR spec t rum 
i n d i c a t e s the p r e s e n c e o f an a l c o h o l (3350 cm ^ ) , the m o l e c u l a r formula 
i s p r o b a b l y C ^ 2 H 2 4 ° ' £ m L ( * t * i e - * a s t P e a ^ ^ n t n e m s ^ s s spec t rum i s due t o 
the l o s s o f w a t e r ( M + - 1 8 ) . I f t he m o l e c u l a r formula i s ^ 2 ^ 2 4 ° t n e n 
the m o l e c u l e c o n t a i n s one u n i t o f u n s a t u r a t i o n . The ^H-NMR spec t rum 
i n d i c a t e s v i n y l p r o t o n s ( 6 = 5 . 2 2 - 5 . 6 3 ) which means tha t the one un i t o f 
u n s a t u r a t i o n i s a doub le bond and no r i n g s a re p r e s e n t . 
Compound 6 2 7 - 3 was i s o l a t e d b y c a r r y i n g o u t a s p i n n i n g band 
d i s t i l l a t i o n on 627 g ra s s o i l , ch romatographying one o f the f r a c t i o n s 
b y t he use o f medium p r e s s u r e h i g h pe r fo rmance equ ipmen t , and s u b j e c t i n g 
one o f the f r a c t i o n s t o p r e p a r a t i v e gas chromatography. An annula r 
t e f l o n s p i n n i n g band column was used t o d i s t i l l 5 4 . 5 g o f 627 g ras s 
o i l . A s i l i c a g e l 6 0 , s i z e C, p r e - p a c k e d column was used t o ch romato -
graph 1.15 g o f a f r a c t i o n which c o n t a i n e d among o t h e r compounds one 
which had a r e t e n t i o n t ime o f 1 2 . 4 min when s u b j e c t e d t o a n a l y t i c a l gas 
chromatography ( C o l I , 1 5 2 ° C ) , From the ( 3 : 1 ) hexane-benzene f r a c t i o n 
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an o i l was o b t a i n e d which was r i c h i n compound 6 2 7 - 3 . The o i l was then 
s u b j e c t e d t o p r e p a r a t i v e gas chromatography ( C o l I I I , 1 4 8 ° C ) . The 
compound c o r r e s p o n d i n g t o the f i r s t peak to appear was c o l l e c t e d . When 
t h i s compound was s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I , 
152°C) o n l y one peak was p r e s e n t (R^ - 1 2 . 4 m i n ) . Mixed i n j e c t i o n s 
were used to de te rmine tha t t h i s o i l was the compound r e s p o n s i b l e f o r 
the peak l a b e l e d ( 3 ) i n GC t r a c e #2 (Append ix 1 , p . 7 4 ) . The I R , 
"""H-NMR (100 MHz) , and mass s p e c t r a o f t h i s compound are shown i n 
Append ix 3 , p . 89 . The mass spec t rum showed a M + = 226 ( 3 % ) . Combus­
t i o n a n a l y s i s gave 75.99% C, 12.02% H ( C a l c d . f o r C 1 4 H 2 6 0 2 ; 7 4 « 2 9 % c » 
11.58% H ) . I f the m o l e c u l a r fo rmula i s C- .H^CL then t h e r e are two 
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u n i t s o f u n s a t u r a t i o n i n the m o l e c u l e . S i n c e t h e r e i s a c a r b o n y l group 
p r e s e n t ( I R - 1740 c m - 1 ) and o l e f i n i c p r o t o n s p r e s e n t (<5 - 5 . 4 0 2 - 5 . 9 2 5 ) 
t he re a re no r i n g s i n the m o l e c u l e . 
Compound 627-6-B was i s o l a t e d b y column chromatography and 
p r e p a r a t i v e gas chromatography . S i l i c a g e l 60 ( 2 3 0 - 4 0 0 mesh) ( 1 2 7 . 0 g) 
was used t o chromatograph 2 . 0 g o f 627 g ra s s o i l . The ( 1 : 1 ) h e x a n e -
benzene f r a c t i o n c o n s i s t e d o f an o i l which c o n t a i n e d , t w o compounds, one 
o f which had a r e t e n t i o n time o f 1 6 . 7 min ( C o l I , 1 5 2 ° C ) . When t h i s 
o i l was s u b j e c t e d t o p r e p a r a t i v e gas chromatography ( C o l I I I , 148°C) a 
w h i t e s o l i d w i t h a m e l t i n g p o i n t o f 68°C was c o l l e c t e d . When t h i s 
s o l i d was s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I , 152°C) 
o n l y one peak was p r e s e n t (R f c - 1 6 . 7 m i n ) . Mixed i n j e c t i o n s were used 
t o de te rmine tha t t h i s compound was r e s p o n s i b l e f o r t he peak l a b e l e d 
6-B on GC t r a c e #2 (Append ix 1 , p . 7 4 ) . The I R , "^ H-NMR (100 MHz), and 
mass s p e c t r a of" t h i s compound a re shown i n Append ix 3 , p . 8 9 . The 
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e x a c t mass was 2 2 2 . 1 9 6 2 8 , from which a m o l e c u l a r fo rmula o f C-
 cHL,.0 was 
15 26 
c a l c u l a t e d . The m o l e c u l a r fo rmula i n d i c a t e s t h e r e a re t h r e e u n i t s o f 
u n s a t u r a t i o n . The m o l e c u l e c o n t a i n s an a , 3 - u n s a t u r a t e d a l d e h y d e , as 
de te rmined from the IR and "Sl-NMR [ ( I R - 1 6 8 0 , 2 7 0 0 , 2800 c m " 1 ) ( 6 -
8 . 9 7 7 , 6 . 4 6 0 - 6 . 6 2 4 ) ] , , This w o u l d a c c o u n t f o r two u n i t s o f u n s a t u r a t i o n . 
The m o l e c u l e a l s o c o n t a i n e d an e x o c y c l i c doub le bond as de te rmined from 
the IR and 1H-NMR [ ( I R - 880 c m " 1 ) ( 6 - 4 . 8 4 1 ) ] . S i n c e a l l t h r e e u n i t s 
o f u n s a t u r a t i o n have been a c c o u n t e d f o r the m o l e c u l e does n o t c o n t a i n 
any r i n g s . 
Compound 6 2 7 - 8 was i s o l a t e d by medium p r e s s u r e h i g h pe r fo rmance 
chromatography and p r e p a r a t i v e gas chromatography . A s i l i c a g e l 6 0 , 
s i z e C, p r e - p a c k e d column was used to chromatograph 3 .0 g o f 627 g ras s 
o i l . An o i l was i s o l a t e d from a ( 1 : 1 ) hexane -benzene f r a c t i o n which 
c o n t a i n e d two compounds, one o f which had a r e t e n t i o n t ime o f 2 1 . 7 min 
( C o l I , 1 5 2 ° C ) . When t h i s o i l was s u b j e c t e d t o p r e p a r a t i v e gas 
chromatography ( C o l I ' l l , 170°C) an o i l was c o l l e c t e d which showed o n l y 
one peak ( R t - 2 1 . 7 min) a c c o r d i n g to a n a l y t i c a l gas chromatography 
( C o l I , 1 5 2 ° C ) . Mixed i n j e c t i o n s were used t o de te rmine t h a t t h i s 
compound was r e s p o n s i b l e f o r the peak l a b e l e d ( 8 ) on GC t r a c e #2 
(Appendix 1 , p . 7 4 ) . The I R , "^ H-NMR (100 MHz), and mass s p e c t r a o f 
t h i s compound are shown i n Appendix 3 , p . 8 9 . The e x a c t mass was 
236 .16252 from which a m o l e c u l a r formula o f C _ Q H o n was c a l c u l a t e d w i t h 
an e r r o r o f - 6 . 0 2 i n 40 ppm. This fo rmula i s i n c o r r e c t b e c a u s e a 
c a r b o n y l group i s p r e s e n t i n the m o l e c u l e ( IR - 1710 cm " ^ ) . The 
m o l e c u l a r formula can n o t be ^ 3 ^ 2 2 ° ^ e c a u s e a hyd roxy group i s n o t 
p r e s e n t i n the m o l e c u l e ( t h e r e i s n o t an IR band above 3000 cm 1 ) . From 
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the m o l e c u l a r formulas o f the o t h e r known compounds i n 627 g ras s o i l 
the m o l e c u l a r fo rmula c o u l d b e C - r H _ . 0 o (mol« w t . - 2 3 6 ) . This would 
15 24 2 
r e q u i r e f o u r u n i t s o f u n s a t u r a t i o n . 
Compound 627-10 was i s o l a t e d by c a r r y i n g out a s p i n n i n g band 
d i s t i l l a t i o n on 627 g rass o i l , ch romatographying t he m a t e r i a l remain ing 
i n the s t i l l p o t b y use o f medium p r e s s u r e h i g h pe r fo rmance equ ipment , 
and s u b j e c t i n g one o f the f r a c t i o n s t o p r e p a r a t i v e gas chromatography . 
An annula r t e f l o n s p i n n i n g band column was used t o d i s t i l l 5 4 . 4 g o f 
627 g ra s s o i l . A s i l i c a g e l 6 0 , s i z e C, p r e - p a c k e d column was used t o 
chromatograph 3 .0 g o f the m a t e r i a l remain ing i n the s t i l l p o t . From 
one o f the c h l o r o f o r m f r a c t i o n s , an o i l was i s o l a t e d which was r i c h i n 
compound 6 2 7 - 1 0 . This o i l was then s u b j e c t e d t o p r e p a r a t i v e gas chroma­
tography ( C o l I V , 2 6 0 ° C ) . An o i l was i s o l a t e d which when s u b j e c t e d t o 
a n a l y t i c a l gas chromatography ( C o l I , 184°C) showed o n l y one peak 
(R f c - 15 .9 m i n ) . Mixed i n j e c t i o n s were used t o de te rmine tha t t h i s o i l 
was the compound r e s p o n s i b l e f o r the peak l a b e l e d ( 1 0 ) on GC t r a c e #3 
(Appendix 1, p . 7 5 ) . The I R , 1H-NMR (100 MHz), and mass s p e c t r a o f 
t h i s compound are shown i n Appendix 3, p . 89. Combustion a n a l y s i s gave 
64.42% C, 7.26% H ( C a l c d . f o r C ^ H ^ O ^ 64.27% C, 7.19% H ) . The l a s t 
peak ( 2 6 3 , 98%) p r e s e n t i n the mass spec t rum must b e due t o M + - 1 7 . 
This mass spec t rum was n o t run on a h i g h r e s o l u t i o n i n s t r u m e n t . I f the 
m o l e c u l a r fo rmula i s ( ^ 5 H 2 0 ° 5 ^ m o ^ m w t ' " ^ 8 0 ) , then the m o l e c u l e 
c o n t a i n s s i x u n i t s o f u n s a t u r a t i o n . There i s p r e s e n t i n t he m o l e c u l e a 
c a r b o n y l group ( I R - 1740 cm a doub l e bond ( 6 - 4 . 1 4 - 4 . 3 7 ) , and an 
a r o m a t i c r i n g ( 6 - 7 . 5 1 - 7 . 8 3 ) . This a c c o u n t s f o r a l l s i x u n i t s o f 
u n s a t u r a t i o n . 
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I t was n o t e d i n the i n t r o d u c t i o n tha t i n t e r m e d e o l ( 1 1 ) and 
n e o i n t e r m e d e o l ( 1 2 ) were i s o l a t e d from t h e s team v o l a t i l e o i l o f 
B o t h r i o c h l o a i n t e r m e d i a , a c c e s s i o n s 5297 and 5752 r e s p e c t i v e l y . 
9 10 
I n t e r m e d e o l ( 1 1 ) : ' 
GC: R t - 1 8 . 3 min ( C o l I , 152°C) 
MP: 47-48°C 
[ C X ] q 5 : + 1 0 . 7 ( C , 0 . 9 5 7 i n EtOH) 
I R : v f l l m 3480 , 1645 , 890 , 910 c m " 1 
max ' ' ' 
1H-NMR (60 MHz), 6 , C D C l 3 ) : 0 . 9 0 ( s , 3 H ) , 1 .00 ( s , 3 H ) , 1 .72 ( s , 3 H ) , 
4 . 8 3 ( s , 3 H ) 
1 3 C-NMR (25 MHz, 6 , CDC1 3) : 1 4 6 . 5 (=C(R ) ) , 1 1 0 . 5 ( - C H 2 ) , 7 .20 ( R £ R R ) , 
4 9 . 2 , 4 3 . 6 , 4 1 . 5 , 4 0 . 5 , 3 9 . 5 , 3 5 . 4 ( C R 4 ) , 
2 3 . 7 , 2 2 . 9 , 2 2 . 5 , 2 0 . 3 , 1 8 . 7 
A n a l : 81.36% C, 11.82% H ( C a l c d . f o r C - c H o , 0 : 81.01% C, 11.79% H) 
1_> ZD 
N e o i n t e r m e d e o l ( 1 2 ) : 1 1 
GC: R - 1 4 . 4 min ( C o l I , 152°C) 
BP: 85-87°C ( 0 . 5 mm) 
Mq5: + 7 . 5 ( C . , 2 .6 35 i n EtOH) 
I R : v f l l m 3500 , 1 6 4 0 , 890 c m " 1 
max ' 
"Sl-NMR (60 MHz, 6 , C D C 1 3 ) : 1 .02 ( 3 H , s ) , 1 .12 ( 3 H , s ) , 1 .72 ( 3 H , s ) , 
4 . 6 2 (2H,m) 
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Gas Chromatographic Study o f S e v e r a l A c c e s s i o n s , H y b r i d s , and 
S t r a i n s o f B o t h r i o c h l o a i n t e r m e d i a 
The methods used t o i s o l a t e the s team v o l a t i l e o i l s from t h e 
v a r i o u s g r a s s e s o f B o t h r i o c h l o a i n t e r m e d i a and t o a n a l y z e the o i l s by 
gas chromatography are d e s c r i b e d i n d e t a i l i n the e x p e r i m e n t a l p a r t o f 
t h i s d i s s e r t a t i o n . Three d i f f e r e n t methods were used t o i s o l a t e the 
s team v o l a t i l e o i l s from the g r a s s e s . The f i r s t method i n v o l v e d f i r s t 
e x t r a c t i n g the g rass w i t h 95% e t h a n o l , then s team d i s t i l l i n g t h e e t h a n o l 
e x t r a c t by b o i l i n g the e x t r a c t w i t h w a t e r w h i l e c o n t i n u a l l y e x t r a c t i n g 
w i t h e t h e r . The s e c o n d method i n v o l v e d d i r e c t i n g s team i n t o the chopped 
g r a s s , a f t e r which the o i l - w a t e r condensa t e was e x t r a c t e d w i t h e t h e r . 
The t h i r d method i n v o l v e d b o i l i n g the chopped g ras s w i t h w a t e r w h i l e 
c o n t i n u a l l y e x t r a c t i n g w i t h e t h e r . The g ras s was m e c h a n i c a l l y s t i r r e d 
dur ing t he who le p r o c e s s . I t was d i s c o v e r e d t h a t the GC t r a c e o f t h e 
s team v o l a t i l e o i l from a p a r t i c u l a r g rass was independen t o f the method 
used t o i s o l a t e the o i l . The o n l y d i f f e r e n c e i n the above methods were 
the y i e l d s o f o i l t h a t were o b t a i n e d . The t h i r d method gave t he h i g h e s t 
y i e l d s o f o i l , w h i l e t h e y i e l d s o f o i l from the f i r s t and s e c o n d 
methods were a p p r o x i m a t e l y e q u a l . A l l o f t h e gas ch roma tog raph ic 
t r a c e s o f the v a r i o u s o i l s t ha t appear i n Appendix 1 , p . 72 were run on 
an F and M Model 400 g;as chromatograph u s ing a f lame i o n i z a t i o n d e t e c ­
t o r . A 5 ' 9 " x 1 /4" g l a s s column packed w i t h 5% SE-30 on 80 /100 
Chromosorb W was used t o a n a l y z e the o i l from each g r a s s . 
A l l o f the g r a s s e s were grown by t h e Agronomy Department a t 
Oklahoma S t a t e U n i v e r s i t y e i t h e r at S t i l l w a t e r , Oklahoma, o r For t Reno , 
Oklahoma; h o w e v e r , the s e e d s were o b t a i n e d p r i m a r i l y from t h r e e 
65 
c o u n t r i e s , I n d i a , Malaya , and Turkey . In t h i s d i s s e r t a t i o n a form w i l l 
be d e f i n e d as a d i s t i n c t v a r i e t y o f B o t h r i o c h l o a i n t e r m e d i a . Hybr ids 
are p repa red from d i f f e r e n t forms o f B o t h r i o c h l o a i n t e r m e d i a . An 
a c c e s s i o n i s d e f i n e d as a p a r t i c u l a r p l o t o f B o t h r i o c h l o a i n t e r m e d i a 
which c o u l d b e a pure fo rm, a h y b r i d , o r a s t r a i n . A s t r a i n i s d e f i n e d 
as a b l e n d o f h y b r i d s o r a c c e s s i o n s . The h y b r i d 56x627-1 was p r e p a r e d 
from two forms o f B o t h r i o c h l o a i n t e r m e d i a , a g a n g e t i c a t ype (ma le ) 
i n d i g e n o u s t o the G a n g e t i c P l a i n o f I n d i a and an i n d i c a type ( f e m a l e ) 
i n d i g e n o u s t o Pun jab , I n d i a . The h y b r i d i z a t i o n was c a r r i e d out by 
means o f hand e m a s c u l a t i o n and p o l l i n a t i o n . "K" s t r a i n i s a b l e n d o f 
t h r e e a c c e s s i o n s i n d i g e n e o u s t o t h e Kulu V a l l e y i n I n d i a . Both " I - F " 
and " I - T " s t r a i n s a re b l e n d s o f t h i r t y h y b r i d s , each o f which c o n t a i n s 
e i t h e r a c c e s s i o n 5297 (Lahnava la , I n d i a ) o r a c c e s s i o n 5410 (Pun jab , 
I n d i a ) as a p a r e n t . A c c e s s i o n 529 7 i s i n d i g e n e o u s to Lahnava la , I n d i a . 
A c c e s s i o n 5752 i s i n d i g e n e o u s t o Kedah, Malaya . F i n a l l y , a c c e s s i o n s 
8967 , 8969 , and 8907 are a l l i n d i g e n e o u s t o Turkey. 
Table 1 shows the compounds p r e s e n t i n the s team v o l a t i l e o i l s 
o f n i n e g r a s s e s . As n o t e d i n the t a b l e , a c o r e n o n e - B ( 7 ) , ke s sane ( 1 ) , 
e l e m o l ( 2 ) , 3-eudesraol ( 6 - A ) , and 7-hydroxycalamenene ( 9 ) were i s o l a t e d 
from the h y b r i d 5 6 x 6 2 7 - 1 . A l s o i n t e r m e d e o l ( 1 1 ) was i s o l a t e d from 
a c c e s s i o n 529 7, n e o i n t e r m e d e o l ( 1 2 ) was i s o l a t e d from a c c e s s i o n 5 7 5 2 , 
and acorenone-B (_7) was i s o l a t e d from "K" s t r a i n . The p r e s e n c e o f any 
o f t he above compounds i n any o t h e r g r a s s was de te rmined o n l y by gas 
c h r o m a t o g r a p h i c r e t e n t i o n t imes ( G C : R t ) w i t h mixed i n j e c t i o n s . 
Of the n i n e g r a s s e s s t u d i e d , c a t t l e l i k e d the " I - F " and " I - T " 
s t r a i n s the most and "K" s t r a i n the l e a s t . From t h i s s m a l l sample no 
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c o n c l u s i o n c o u l d b e drawn as t o t h e r e l a t i o n s h i p be tween p a l a t a b i l i t y 
t o c a t t l e and the compounds i n t he s team v o l a t i l e o i l s ; h o w e v e r , as can 
b e seen from GC t r a c e s # T s 4 , 5 , and 6 (Append ix 1 , p . 76 , 77 and 78) 
" I - F " and " I - T " s t r a i n s a re r i c h i n monoterpenes and s e s q u i t e r p e n e s , 
whereas "K" s t r a i n c o n t a i n s p r a c t i c a l l y 100% aco renone -B (_7 ) . A 
s c i e n t i f i c s tudy has n o t been made on the i n s e c t a n t i f e e d a n t p r o p e r t i e s 
o f B o t h r i o c h l o a i n t e r m e d i a ; h o w e v e r , i t has b e e n o b s e r v e d tha t when the 
v a r i o u s g r a s s e s were g rowing n e a r each o t h e r no f o r a g i n g i n s e c t s , such 
as g r a s s h o p p e r s , were o b s e r v e d i n the "K" s t r a i n p l o t , whereas g r a s s ­
hoppe r s were o b s e r v e d i n p l o t s o f t h e o t h e r g r a s s e s . A g a i n , no c o n c l u ­
s i o n s c o u l d be drawn as t o t he i n s e c t r e s i s t a n c e o f "K" s t r a i n ; 
h o w e v e r , as n o t e d b e f o r e , t h e s team v o l a t i l e o i l o f t h i s g ras s c o n t a i n s 
p r a c t i c a l l y 100% aco renone -B (_7). F i n a l l y , s t u d i e s on chemica l taxonomy 
as r e l a t e d t o B o t h r i o c h l o a i n t e r m e d i a a re s t i l l i n c o n c l u s i v e due t o 
B o t h r i o c h l o a i n t e r m e d i a l g e n e t i c a g g r e s s i v e n e s s . The d i f f i c u l t y i n 
r e l a t i n g s team v o l a t i l e o i l c o m p o s i t i o n t o t axonomic i d e n t i f i c a t i o n l i e s 
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i n B o t h r i o c h l o a i n t e r m e d i a l s g e n e t i c a g g r e s s i v e n e s s . Har land has 
s t a t e d : " I t g r a d u a l ^ became apparent t ha t B o t h r i o c h l o a i n t e r m e d i a 
i t s e l f i s a hodgepodge o f germ p lasm assembled from at l e a s t f i v e s p e c i e s 
b e l o n g i n g t o t h r e e g e n e r a . Every a c c e s s i o n o f B o t h r i o c h l o a i n t e r m e d i a 
i n o u r c o l l e c t i o n seems t o be some s o r t o f c r o s s , b a c k c r o s s , o r i n t r o -
g r e s s i o n p r o d u c t o f one k i n d o r a n o t h e r . We have o v e r two hundred 
c o l l e c t i o n s o f the s p e c i e s from Cape Town t o Kenya t o P a k i s t a n , I n d i a , 
Burma, Malaya , Taiwan, the P h i l i p p i n e s , I n d o n e s i a , New Guinea , and 
A u s t r a l i a , and we a re n o t su re tha t any o f t h e s e r e p r e s e n t a r e a l l y 
o r i g i n a l B o t h r i o c h l o a i n t e r m e d i a . In t he c o u r s e o f a s s i m i l a t i n g germ 
plasm from v a r i o u s r e l a t e d s p e c i e s , B o t h r i o c h l o a i n t e r m e d i a seems 
have g e n e t i c a l l y consumed i t s own a n c e s t r a l f o r m . " 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
The hexane e x t r a c t (Char t 1 , p . 20 ) o f Pe l tophorum inerme was 
s u b j e c t e d t o a n a l y t i c a l gas chromatography ( C o l I I , 2 7 2 ° C ) , GC t r a c e 
#1 (Append ix 1 , p . 7.3). From t h i s t r a c e i t can b e seen t ha t t h e r e are 
e l e v e n major compounds p r e s e n t . A t o t a l o f e i g h t o f t h e s e compounds 
were i d e n t i f i e d . Four o f t he compounds, n - h e p t a c o s a n e (n-C^^i.^)
 y n -
nonacosane ( n - C „ _ H . _ ) , n-hentriacontane ( n - C 0 1 H . . ) , and n - t r i t r i a c o n -29 60 31 64 
tane ( n ~ ^ 3 3 ^ g g ) w e ^ e i s o l a t e d by p r e p a r a t i v e gas chromatography ( C o l 
I I I , 278°C) and i d e n t i f i e d by mass s p e c t r a l a n a l y s i s . The o t h e r f o u r 
compounds, n - o c t a c o s a n e ( n - C ^ g H ^ g ) , n - t r i a c o n t a n e ( n ~ ^ 3 Q ^ 6 2 ^ * n ~ 
d o t r i a c o n t a n e ( n - C 0 0 H . ) , and n - t e t r a t r i a c o n t a n e ( n - C 0 / H _ n ) were n o t 
52. bo /U 
i s o l a t e d ; h o w e v e r , they were i d e n t i f i e d b y mixed i n j e c t i o n s , a n a l y t i c a l 
gas chromatography ( C o l I I , 2 7 2 ° C ) , w i t h known samples o f the f o u r 
compounds. Pe l tophorum inerme i s a member o f t h e Legume Family 
( L e g u m i n o s a e ) , and as such s h o u l d b e r i c h i n a l k a l o i d s . The c h l o r o ­
form e x t r a c t (Char t 1 , p . 2 0 ) s h o u l d b e s u b j e c t e d t o v a r i o u s chroma­
t o g r a p h i c s e p a r a t i o n p r o c e d u r e s i n o r d e r t o i s o l a t e and i d e n t i f y as 
many s e c o n d a r y m e t a b o l i t e s as p o s s i b l e . This work wou ld n o t j u s t b e 
an e x e r c i s e i n n a t u r a l p r o d u c t e l u c i d a t i o n s i n c e the compounds c o u l d be 
s e n t t o the N a t i o n a l I n s t i t u t e o f Hea l th f o r a n t i - t u m o r a c t i v i t y 
t e s t i n g . 
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A t o t a l o f f i v e compounds, aco renone -B (_7) , k e s s a n e ( 1 ) , 
e l e m o l ( 2 ) , 3 - e u d e s m o l ( 6 - A ) , and 7-hydroxyca lamenene ( 9 ) , were 
i s o l a t e d from t h e h y b r i d 56x627-1 p r e p a r e d from two forms o f B o t h r i o ­
c h l o a i n t e r m e d i a . Two o t h e r compounds, i n t e r m e d e o l ( 1 1 ) and n e o i n t e r -
medeol ( 1 2 ) have been i s o l a t e d from o t h e r a c c e s s i o n s o f B o t h r i o c h l o a 
i n t e r m e d i a . Tab le 1 shows the compounds p r e s e n t i n t he s team v o l a t i l e 
o i l s o f a l l n i n e o f the g r a s s e s o f B o t h r i o c h l o a i n t e r m e d i a t ha t were 
examined i n t h i s r e s e a r c h . The f i v e c o - o c c u r r i n g compounds i n t h e 
h y b r i d 5 6 - 6 2 7 - 1 had f i v e d i f f e r e n t s t r u c t u r a l t y p e s , a c o r a n e , g u a i a n e , 
e l emane , endesmane, and c a d i n a n e . I t was shown tha t a p o s s i b l e common 
p r e c u r s o r f o r aco renone -B ( 7 ) and 7-hydroxycalamenene ( 9 ) c o u l d b e the 
3 - b i s a b o l y l c a t i o n CL4) d e r i v e d from c i s , t r a n s - f a r n e s y l py rophospha t e 
( 1 3 ) , w h i l e a p o s s i b l e common p r e c u r s o r f o r e l e m o l ( 2 ) , 3 -Eudesmol 
( 6 - A ) , and k e s s a n e ( 1 ) c o u l d b e d i f f e r e n t c o n f o r m a t i o n s o f t h e t r a n s , 
t r a n s - f a r n e s y l py rophospha t e ( 1 5 ) . Gas c h r o m a t o g r a p h i c s t u d i e s o f t h e 
s team v o l a t i l e o i l s o f the v a r i o u s g r a s s e s o f B o t h r i o c h l o a i n t e r m e d i a 
i n t h i s r e s e a r c h a re o n l y the i n i t i a l s t a g e s o f a l o n g range s tudy o f 
the g r a s s e s 1 p a l a t a b i l i t y t o c a t t l e and i n s e c t a n t i f e e d a n t p r o p e r t i e s . 
I t appears a t t h i s t ime t ha t a h i g h acorenone-B ( 7 ) c o n t e n t i s r e l a t e d 
t o l o w p a l a t a b i l i t y t o c a t t l e and h i g h i n s e c t r e s i s t a n c e . These o b s e r ­
v a t i o n s s h o u l d b e f u r t h e r i n v e s t i g a t e d . 
F i n a l l y , the p a r e n t s o f t h e h y b r i d 56x627-1 s h o u l d b e i n v e s t i ­
g a t e d . I t i s known t h a t the female pa r en t ( a c c e s s i o n 5 4 1 0 , i n d i c a 
t y p e ) c o n t a i n s i n t e r m e d e o l ( 1 1 ) and does n o t c o n t a i n aco renone -B (_7). 
The male p a r e n t ( a c c e s s i o n 5 4 0 0 , g a n g e t i c a t y p e ) s h o u l d b e i n v e s t i g a t e d 
t o s e e whe ther o r not: i n t e r m e d e o l ( 1 1 ) and aco renone -B ( 7 ) a re p r e s e n t . 
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The r e s u l t s o f t h i s i n v e s t i g a t i o n s h o u l d b e i n t e r e s t i n g s i n c e t h e 
h y b r i d 56x627-1 c o n t a i n s a l a r g e amount o f acovenone-B ( 7 ) and no 







GAS CHROMATOGRAPHY TRACES 
— T i m e ( m m ) -
GC Trace 1. Hexane E x t r a c t o f Pel tophorum inerme. ( C o l I I , 272°C) 
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GC Trace 3 . Steam V o l a t i l e O i l o f B o t h r i c h l o a i n t e r m e d i a 






GC Trace 7 . Steam V o l a t i l e O i l o f B o t h r i o c h l o a in t e rmed ia 
( A c c e s s i o n 5 2 9 7 ) . ( C o l I , 152°C) 
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Trace 8 . Steam V o l a t i l e O i l o f B o t h r i o c h l o a i n t e r m e d i a 
( A c c e s s i o n 5 7 5 2 ) . ( C o l I , 152°C) 
GC Trace 9. Steam V o l a t i l e O i l o f B o t h r i o c h l o a i n t e rmed ia 







LONG STRAIGHT-CHAIN HYDROCARBONS 
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P l a t e I . Mass Spectrum o f n=Heptacosane ( n - C 0 - , H _ , ) . 
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Ml. !, . III. jL iL _iL T T" -I 1 1 1 
10 X0 30 HO SO to 70 80 10 loo I/O 1X0 110 IHO ISO ItO 170 l«0 110 100 110 110 130 XHO ISO ilO 170 XtO 110 300 310 3JO 330 310 ISO 360 370 3?0 310 H00 110 HXO 1?0 110 ISO Hio 170 ItO W foo 
P l a t e IV . Mass Spectrum o f n - T r i t r i a c o n t a n e ( n - C 0 0 H . _ ) . 




NMR, I R , AND MASS SPECTRA 
OF 
FIVE UNIDENTIFIED COMPOUNDS ISOLATED 
FROM 
6 2 7 GRASS OIL 
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P l a t e V I I I . I n f r a r e d Spectrum o f Compound 6 2 7 - 3 . 
92 
P l a t e X. Mass Spectrum o f Compound 6 2 7 - 3 . 
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(CM') FREQUENCY (CM-*) 
P l a t e X I . I n f r a r e d Spectrum o f Compound 6 2 7 - 6 - B . 
94 
P l a t e X I I I . Mass Spectrum o f Compound 6 2 7 - 6 - B . 
P l a t e XIV. I n f r a r e d Spectrum o f Compound 6 2 7 - 8 . 
P l a t e XVI . Mass Spectrum o f Compound 6 2 7 - 8 . 
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P l a t e XIX. Mass Spectrum o f Compound 6 2 7 - 1 0 . 
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